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THE  ROYAL  CATCHFLY  (SILENE  REGIA 
CARYOPHYLLACEAE)  IN  INDIANA 


Rebecca  W.  Dolan 

Department  of  Biological  Sciences 

Butler  University 

Indianapolis,  Indiana  46208 

ABSTRACT:  Botanist  Thomas  Nuttall  called  the  royal  catchfly,  Silene  regia,  "one  of 
the  most  splendid  species  in  existence."  This  red-flowered,  hummingbird-polUnated 
member  of  the  Caryophyllaceae  is  a  perennial  herb  of  prairies  and  glades.  Because  of  the 
conversion  of  much  of  its  former  habitat  to  agriculture,  the  royal  catchfly  is  considered 
threatened  in  Indiana.  The  species'  historical  and  present-day  distribution  in  the  State, 
documenting  the  current  status  of  all  known  locations,  including  population  sizes  and 
co-occurring  species,  are  reported  in  this  paper.  Only  8  of  the  documented  23  historical 
locations  still  support  the  plant.  No  populations  occur  in  dedicated  nature  preserves  or 
other  protected  areas.  However,  the  Division  of  Nature  Preserves  of  the  Indiana 
Department  of  Natural  Resources  does  manage  the  site  containing  the  largest  and  most 
genetically  variable  population  in  the  State.  Active  management  to  promote  prairie 
vegetation  at  the  site  may  be  the  key  to  maintaining  this  high-quality  population. 

KEYWORDS:  Historical  distributions,  rare  plants,  royal  catchfly,  Silene  regia. 

INTRODUCTION 

Silene  regia  Sims  (Caryophyllaceae)  is  a  rare  tap-rooted  perennial  that  grows 
in  mesic  or  wet-mesic  prairies  and  dry  woods,  especially  on  calcareous  soils 
(King,  1981;  Femald,  1950).  Deam  (1940)  reported  the  plant  as  "very  local, 
mosdy  of  a  dry,  prairie  habitat."  The  royal  catchfly  produces  hermaphroditic  red 
flowers  that  are  primarily  hummingbird  pollinated.  The  flowers  are  protandrous 
and  primarily  outcrossing,  but  successful  pollination  can  occur  between  different 
flowers  on  the  same  plant  (Menges,  1988).  The  species  is  believed  to  be  an 
allotetraploid  (2n  =  48),  with  a  complicated,  reticulate  evolutionary  origin 
(Heaslip,  1951).  The  plant  does  not  spread  clonally,  although  older  plants  can 
produce  a  dozen  or  more  stems.  Seeds  are  gravity-dispersed,  have  no  known 
dormancy  requirement,  and  do  not  accumulate  in  the  soil  (Menges,  1988). 

Silene  regia  is  found  in  every  county  in  southwestern  Missouri  (Figure  1; 
redrawn  from  King  (1981)),  with  scattered  populations  to  the  northeast.  This 
distribution  suggests  its  possible  persistence  in  an  Ozarkian  glacial  refugia  with 
subsequent  post-glacial  migration  into  portions  of  Illinois,  Indiana,  and  Ohio 
following  retreat  of  the  Wisconsin  glaciation  10-12,000  years  ago  (Palmer  and 
Steyermark,  1935;  King,  1981).  In  the  current  western  portion  of  the  species 
range,  Silene  regia  is  found  primarily  in  hay  or  pasturage  prairies  and  along  road 
sides  and  railroad  rights-of-way.  The  royal  catchfly  can  occur  as  relatively 
extensive  populations  over  tens  of  hectares. 

In  the  eastern  parts  of  its  range,  Silene  regia  is  restricted  to  remnants  of  prairie 
vegetation,  such  as  pioneer  cemeteries  and  railroad  rights-of-way,  some  of  which 
are  now  managed  to  promote  prairie  plants.  Menges  (1988)  analyzed  past  and 
current  distribution  of  the  royal  catchfly  and  its  habitat  in  Ohio  and  Indiana 
and  concluded  that  the  plant  is  not  limited  in  its  current  distribution  by  narrow 
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Figure  1.  Historical  distribution  of  royal  catchfly  (Silene  regia;  reprinted  from 
Dolan  (1994)).  Dots  indicate  counties  with  records  of  the  plant.  The  shaded  area 
represents  the  maximum  advance  of  the  Wisconsin  glaciation. 


habitat  requirements  or  limited  dispersal.  Current  rarity  of  the  species  in  these 
States  was  attributed  to  conversion  of  over  95  percent  of  the  pre-settlement 
prairie  habitat  to  agriculture. 

Royal  catchfly  was,  until  recently,  a  Category  2  candidate  species  for  protection 
under  the  federal  Endangered  Species  Act.  This  category  is  reserved  for  species  for 
whom  a  reason  exists  to  believe  official  listing  as  threatened  or  endangered  may  be 
necessary,  but  for  whom  more  information  is  needed  prior  to  any  action.  The  species 
has  been  reclassified  as  a  Category  3  candidate  species  (Federal  Register,  30 
September  1993),  a  category  reserved  for  species  that  have  proven  to  be  more 
common  than  originally  thought  or  that  are  not  now  under  threat. 

Although  royal  catchfly  is  more  common  in  the  western  parts  of  its  range,  it  is 
rare  enough  to  warrant  state-listed  status  in  eastern  parts  of  its  range.  The  royal 
catchfly  is  listed  as  threatened  in  Indiana  (i.e.,  it  occurs  at  6  to  10  locations;  Indiana 
Department  of  Natural  Resources,  1993).  The  plant  is  considered  "potentially 
threatened"  in  Ohio,  where  it  occurs  at  14  sites  (Ohio  Division  of  Natural  Areas  and 
Preserves,  1992),  mosdy  small  populations  with  no  protective  status  (Jennifer  Windus, 
pers.  comm.).  The  plant  was  presumed  extirpated  in  Illinois  until  rediscovered  in  1985 
(J.  Schwegman,  pers.  comm.)  and  is  currently  listed  as  endangered  in  that  State, 
occurring  at  only  4  unprotected  sites  (Herkert,  1991). 

The  royal  catchfly  occurs  at  10  sites,  primarily  along  fence  rows  in  Kentucky 
(Tom  Bloom,  pers.  comm.)  and  is  considered  in  endangered  status  by  the  Kentucky 
State  Nature  Preserve  Commission  (Kentucky  Natural  Heritage  Database,  Frankfort, 
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Kentucky).  The  species  was  believed  extirpated  in  the  southeastern  parts  of  its 
historical  range,  but  it  has  recently  been  found  at  several  sites  in  Alabama  and 
northwest  Georgia,  based  on  interviews  with  state  agency  personnel. 

As  part  of  larger  study  of  factors  that  influence  population  viability  in  Silene 
regia,  the  current  status  of  all  known  historical  locations  for  the  species  in  Indiana 
was  investigated,  and  searches  were  conducted  for  previously  unreported  populations 
in  the  vicinity  of  known  sites.  Four  populations  have  been  the  subject  of  long-term 
demographic  monitoring  and  genetic  studies.  The  results  of  these  studies  are 
reviewed  in  this  paper  in  light  of  the  overall  status  of  the  species  in  Indiana. 

MATERIALS  AND  METHODS 

To  locate  all  the  extant  and  historical  populations  of  the  royal  catchfly  in  the 
State,  the  author  consulted  the  Heritage  Data  Center  maintained  by  the  Division 
of  Nature  Preserves  of  the  Indiana  Department  of  Natural  Resources,  talked  with 
agency  personnel,  checked  in-state  herbaria  and  those  out-of-state  herbaria 
known  to  have  significant  numbers  of  Indiana  specimens,  and  used  the 
information  presented  by  King  (1981). 

All  sites  from  which  specimens  of  the  royal  catchfly  had  been  collected 
or  reported  were  visited  during  the  flowering  season  in  1992  and/or  1993.  Numbers 
of  individuals  were  counted  in  extant  populations.  Common  co-occurring  species 
were  noted  by  visual  inspection  during  several  trips  to  each  site  during  the 
growing  season.  The  nomenclature  follows  Gleason  and  Cronquist  (1991). 
For  sites  with  no  evidence  of  extant  Silene  regia  plants,  a  subjective  evaluation 
of  the  quality  of  the  habitat  was  made  to  indicate  the  likelihood  that  the  site 
might  support  plants  that  for  some  reason  (e.g.,  they  had  been  browsed  or  were 
dormant)  were  not  visible  at  the  time  of  inspection.  In  addition,  all  public 
roads  within  2.5  km  of  existing  populations  were  surveyed  during  peak 
flowering  season,  when  catchfly  plants  are  most  apparent,  in  an  attempt  to 
locate  previously  undocumented  populations. 

RESULTS  AND  DISCUSSION 

Twenty-three  historical  collection  sites  for  Silene  regia  were  located  in  14 
counties  in  Indiana  (Figure  2).  Most  are  in  west-central  Indiana,  close  to  the 
Wabash  River,  in  areas  that  are  believed  to  have  supported  fairly  large  areas  of 
prairie  vegetation  in  pre-settlement  times  (Deam,  1940;  Homoya,  et  al.,  1985). 
Fifteen  of  the  populations  are  believed  extirpated,  although  several  sites  still 
support  other  prairie  plants  and  appear  to  be  suitable  habitat  for  the  royal  catchfly 
(Table  1). 

Ten  of  the  15  sites,  where  Silene  regia  was  believed  extirpated,  had  only  a 
single  record  of  collection  or  sighting  that  was  fifty  or  more  years  old.  Voucher 
specimens  for  the  Hamilton  and  Wayne  County  sites  have  not  been  located.  The 
oldest  specimens  were  collected  in  1836  and  1838  at  Palmyra  (Harrison  County) 
and  New  Albany  (Floyd  County),  respectively,  by  Dr.  A.C.  Clapp,  the  first 
resident  botanist  to  collect  in  the  State  (Homoya,  1991).  The  Floyd  County 
location  is  suspect,  however,  as  the  label  is  not  an  original,  having  been  replaced 
by  John  Coulter,  an  Indiana  botanist  who  curated  Clapp' s  collections  after  they 
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Figure  2.  Distribution  of  royal  catchfly  (Silene  regia)  in  Indiana. 


were  donated  to  Wabash  College  in  Crawfordsville.  Coulter  indicated  "New 
Albany"  as  the  collection  site  for  most  of  Clapp's  specimens  that  he  relabeled, 
apparently  because  that  was  where  Clapp  lived  and,  perhaps,  because  Clapp's 
labels  were  incomplete.  Based  on  the  habitat  description  of  "barrens"  on  the 
Floyd  County  specimen,  this  specimen  was  probably  collected  in  the  chert  barrens 
of  Harrison  County  (Homoya,  pers.  comm.). 
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Table  1 .  Historical  locations  of  presumed  extirpated  Silene  regia  populations  in 
Indiana. 


Site 


County 


Last  Seen 


Habitat  Quality 


Oilman 

New  Albany 

Unknown 

Palmyra 

Oaktown 

Montezuma 

East  Montezuma 

Wea  Creek 

West  Point 

Otterbein 

Cayuga 

Prairieton 

New  Goshen 

Ditch  85W 

Unknown 


Delaware 

Floyd" 

Hamilton 

Harrison 

Knox 

Parke 

Parke 

Tippecanoe 

Tippecanoe 

Tippecanoe 

Vermillion 

Vigo 

Vigo 

Vigo 

Wayne 


1979' 

Good 

1838 

Some  good  possible 

7 

Likely  poor 

1836 

Some  good  possible 

1919 

Some  good  possible 

1915 

Some  good  possible 

1980 

Destroyed 

1902 

Some  good  possible 

1947 

Disturbed 

1988 

Some  good  possible 

1910 

Some  good  possible 

1918 

Some  good  possible 

1953 

Very  disturbed 

1978 

Some  good  possible 

7 

Unknown 

First  seen  in  1944. 

Most  likely  Harrison  County  (see  text). 

Listed  in  1894  flora  by  Guy  Wilson;  no  voucher  located. 

Reported  in  Deam;  no  voucher  or  reference  located. 


Chert  barrens  are  dominated  by  grasses  and  forbs,  many  of  prairie  affinity, 
with  scattered  thickets  of  stunted  trees,  mainly  black  oak  {Quercus  velutina)  and 
post  oak  {Q.  stellata).  Much  of  this  habitat  has  been  altered  by  human 
intervention  through  conversion  to  tillage  agriculture  and  fescue-dominated 
pasturage.  Succession  has  proceeded  at  other  sites,  with  forest-like  stands  of 
black  oak  and  post  oak  now  present  on  historically  chert  barrens  sites.  Remnants 
of  the  original  barrens  communities  are  present  in  some  areas,  and  the  royal 
catchfly  might  possibly  be  relocated  in  the  area  (Homoya,  pers.  comm.). 

Eight  extant  populations  of  royal  catchfly  were  documented  in  1992  and 
1993,  supporting  approximately  1,250  plants  (Table  2).  No  sites  occur  in 
dedicated  nature  preserves.  Smith  Cemetery  in  Vermillion  County  is  managed 
as  a  "Pioneer  Cemetery"  by  the  Division  of  Nature  Preserves,  Indiana  Department 
of  Natural  Resources,  through  an  agreement  with  the  cemetery's  trustees. 


Table  2.  Confirmed,  recendy 

extant  Silene  regia  popul 

ations  in  Indiana. 

Number  of 

Last 

Site 

County 

Plants 

Location 

Seen 

Protective  Status 

Smith  Cemetery' 

Vermillion 

895 

Pioneer  Cemetery 

1993 

Managed  by  I-DNR" 

Wabash  River' 

Warren 

165 

Roadside 

1993 

Helpful  neighbor 

Stone  Bluff' 

Fountain 

64 

Roadside  ditch/field 

1993 

None 

Ruppert  Cemetery' 

Fountain 

58 

Roadside  of  cemetery 

1993 

Trustee? 

Attica  II 

Fountain 

53 

Roadside  fence 

1993 

None 

Dixon  Cemetery 

Greene 

20-30 

Mown  cemetery 

1988 

Trustee? 

Bend  Cemetery 

Fountain 

6 

Roadside 

1982 

Trustee? 

Haskell 

LaPorte 

5 

Railroad  right-of-way 

1993 

None 

Demography  and  genetics  studied  by  Dolan  (1994)  and  Menges  (in  prep.). 

Trustees  have  agreed  to  have  site  managed  as  a  "Pioneer  Cemetery"  by  the  Indiana  Department  of  Natural 

Resources  Division  of  Nature  Preserves. 
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Table  3.  Latin  and  common  names  of  common  co-occurring  species  at  sites 
containing  the  four  largest  populations  of  royal  catchfly  (Silene  regid)  in  Indiana. 
All  sites  have  non-native  grasses. 

Smith  Cemetery 


Achillea  millefolium 
Amorpha  canescens 
Andropogon  gerardii 
Asclepias  tuberosa 
Asclepias  syriaca 
Ceanothus  americanus 
Dalea  Candida 
Echinacea  purpurea 
Euphorbia  corollata 
Heuchera  sp. 
Lespedeza  capitata 
Monarda  fistulosa 
Orbexilum  onobrychis 
Parthenium  integrifolium 
Ratibida  pinnata 
Rosa  sp. 

Rudbeckia  hirta^ 
Ruellia  humilis 
Saponaria  officinalis 
Silphium  terebinthinaceum' 
Veronicastrum  virginicum 


Yarrow 
Lead  plant 
Big  blue  stem 
Butterfly  weed 
Common  milkweed 
New  Jersey  tea 
White  prairie  clover 
Purple  coneflower 
Flowering  spurge 
Alumroot 

Roundheaded  bush  clover 
Wild  bergamot 
Sainfoin 
Wild  quinine 
Grayheaded  coneflower 
Cultivated  rose 
Black-eyed  Susan 
Fringeleaf  ruellia 
Bouncing  Bet 
Prairie  dock 
Culver' s-root 


Wabash  River 


Achillea  millefolium 
Daucus  carota^ 
Melilotus  officinalis 
Monarda  fistulosa 
Pastinaca  sativa 
Rubus  sp. 
Rudbeckia  hirta^ 
Saponaria  officinalis^ 


Yarrow 

Queen  Anne's  lace 
Yellow  sweet  clover 
Wild  bergamot 
Wild  parsnip 
Blackberry 
Black-eyed  Susan 
Bouncing  Bet 


Stone  Bluff 


Asclepias  syriaca 
Cicuta  maculata 
Melilotus  officinalis^ 
Pastinaca  sativa^ 
Scirpus  sp. 


Common  milkweed 
Water-hemlock 
Yellow  sweet  clover 
Wild  parsnip 
Bulrush 
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Ruppert  Cemetery 

Asclepias  syriaca  Common  milkweed 

Baptisia  lactea  White  wild  indigo 

Cirsium  arvense  Canada  thisde 

Convolvulus  arvensis  Field  bindweed 

Erigeron  annuus  Daisy  fleabane 

Euphorbia  corollata  Flowering  spurge 

Hemerocallis  fulva  Day-lily 

Monarda  flstulosa  Wild  bergamot 

Phleum  pratense^  Timothy  grass 

Phytolacca  americana  Pokeweed 

Verbascum  thapsus^  Common  mullein 

Vitis  sp.  Grape 

Non-native  species. 

Species  of  prairie  affinity  in  Indiana  (Deam,  1940). 

Management  practices  are  designed  to  promote  native  prairie  vegetation.  The 
site  is  burned  annually  to  discourage  invasion  by  woody  plants.  Non-native 
weeds  (such  as  sweet  clover)  and  invasive,  native,  non-prairie  plants  (such  as 
ragweed)  are  removed  by  cutting  or  pulling.  The  Smith  Cemetery  hosts  by  far 
the  largest  population  of  royal  catchfly  in  the  State  (Table  2).  A  large  number  of 
species  indicative  of  prairie  habitat  are  found  at  Smith  Cemetery,  such  as  lead 
plant.  Culver's  root,  and  wild  quinine  (Table  3),  with  few  exotic  species,  further 
indicating  the  high-quality  prairie  vegetation  at  the  site. 

Three  of  the  8  other  extant  sites  are  in  or  near  the  borders  of  cemeteries  (Table 
2).  At  the  largest,  Ruppert  Cemetery,  royal  catchfly  grows  primarily  along  a 
county  road  right-of-way  next  to  the  cemetery.  During  the  summer  of  1993,  the 
cemetery  had  not  been  mowed  for  some  time  prior  to  a  late  July  visit.  Catchfly 
plants  were  seen  for  the  first  time  in  the  cemetery;  30  plants  were  counted.  At 
Dixon  Cemetery,  20-30  plants  were  reported  by  state  agency  personnel  in  the 
center  of  the  cemetery  in  1988,  but  on  repeated  visits  every  year  since  that  date, 
the  site  has  been  freshly  mowed.  Accurate  assessment  of  the  current  status  of  the 
plant  at  Dixon  Cemetery  is,  therefore,  not  possible.  Perhaps  because  of  adaptation 
to  grazing  by  bison  and  other  herbivores,  royal  catchfly  might  persist  for  many 
years,  in  spite  of  being  mowed. 

The  other  extant  sites  for  royal  catchfly  in  Indiana  are  along  roadsides  and  a 
railroad  right-of-way  (Table  2).  One  site,  Wabash  River,  has  a  helpful  neighbor, 
who  discourages  people  from  digging  up  the  prairie  plants.  The  number  of  plants 
at  the  Haskell  site  has  declined  from  several  hundred  to  just  5  over  the  last  several 
years  due  to  encroachment  of  farming  on  an  abandoned  railroad  right-of-way 
(Tom  Post,  pers.  comm.).  The  Attica  II  site  was  discovered  during  the  course  of 
the  present  study.  This  site  is  less  than  a  mile  from  Ruppert  Cemetery  and  consists 
of  plants  growing  within  a  wire  fence  between  a  corn  field  and  a  mowed  county 
road  right-of-way. 

Table  3  shows  that  co-occurring  species  at  almost  all  extant  sites  include  some 
species  of  prairie  affinity  (Deam,  1940).   As  previously  mentioned,  the  Smith 
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Cemetery  site  consists  almost  exclusively  of  native  prairie  plants.  The  other  sites 
are  composed  primarily  of  non-native  or  non-prairie  plants. 

Sites  currently  supporting  royal  catchfly  have  been  spared  from  tillage 
agriculture  or  other  large-scale  disturbance,  but  most  are  currently  mowed 
regularly,  making  it  difficult  to  estimate  the  number  and  affinity  of  native  species 
present.  Mowing  does  prevent  establishment  of  woody  species,  and  small 
numbers  of  native  plants  often  remain  along  fence-rows  and  roadsides  adjacent 
to  cemeteries.  Management  of  these  sites  in  the  manner  of  Smith  Cemetery 
might  reveal  the  presence  of  more  royal  catchfly  plants  and/or  other  prairie 
species  of  interest. 

Along  with  the  ability  to  persist  in  sites  maintained  as  mowed  cemeteries, 
royal  catchfly  has  demonstrated  an  ability  to  rebound  from  small  initial  numbers 
to  a  stable  population  of  several  hundred  following  several  years  of  active 
management  for  prairie  vegetation.  In  the  Bigelow  Cemetery  State  Nature 
Preserve,  a  pioneer  cemetery  now  managed  by  the  Division  of  Natural  Areas  and 
Preserve,  Ohio  Department  of  Natural  Resources,  an  estimated  30  plants  of  royal 
catchfly  were  present  in  1976  (King,  1981).  After  15  years  of  active  management, 
over  350  plants  were  found  at  the  site  in  1993. 

Studies  of  genetic  variation  in  royal  catchfly  populations,  detected  by  starch 
gel  electrophoresis  of  isozymes  (Dolan,  1994),  reveal  that  the  Indiana  populations 
have  levels  of  variation  that  are  intermediate  between  the  highly  variable 
populations  found  in  Missouri  and  Arkansas,  where  the  plant  is  more  common, 
and  the  low  levels  of  variation  found  in  Ohio,  where  the  species  is  restricted  to 
prairie  remnant  sites  similar  to  those  in  Indiana  and  occurs  at  similar  to  higher 
population  densities.  This  pattern  of  genetic  variation  may  reflect  both  the 
historical  action  of  post-glacial  migration,  with  alleles  lost  as  the  plant  migrated 
into  previously  glaciated  sites,  and  the  contemporary  action  of  habitat 
fragmentation  and  degradation  in  the  eastern  parts  of  the  species  range.  Of  the  4 
largest  populations  in  Indiana,  Smith  Cemetery  hosts  the  largest  number  of  royal 
catchfly  plants  and  has  the  greatest  amount  of  genetic  variation  (Dolan,  1994). 

CONCLUSIONS 

In  Indiana,  the  largest  and  most  genetically  variable  population  of  royal 
catchfly  is  managed  by  the  State  Division  of  Nature  Preserves,  but  no  dedicated 
protected  areas  exist  that  host  the  plant.  Practices  undertaken  at  the  managed  site 
to  promote  prairie  vegetation  are  currently  conducive  to  the  maintenance  of  large 
numbers  of  genetically  diverse  royal  catchfly  plants.  Distribution  records 
indicate  royal  catchfly  does  not  have  dynamic  metapopulation  structure  in 
Indiana;  few  new  populations  have  been  discovered  in  the  last  half-century,  and 
two-thirds  of  all  historical  sites  are  now  extirpated.  The  author  would  like  to  hear 
about  additional  locations  in  the  State,  where  the  plant  occurs,  to  help  ensure  a 
permanent  home  for  this  beautiful  plant. 
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THE  GENUS  QUERCUS  (FAGACEAE)  IN  INDIANA: 
PHYTOGEOGRAPHY  AND  A  KEY  TO  THE  SPECIES 
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University  of  Notre  Dame 

Notre  Dame,  Indiana  46556 

ABSTRACT:  A  comprehensive  survey  of  herbarium  collections  and  our  own  field  work 
provided  updated  information  on  the  distributions  of  oak  species  and  hybrids  in  Indiana. 
The  nineteen  species  of  oaks  native  to  Indiana  illustrate  three  basic  types  of  distribution 
(widespread,  northern,  and  southern)  and  are  shown  to  have  different  floristic  affinities. 
The  number  of  hybrids  reported  for  Indiana  is  increased  from  twelve  to  eighteen.  A  key 
to  the  species  is  provided. 

KEYWORDS:  Floristics,  hybrids,  oak,  plant  geography,  Quercus. 

INTRODUCTION 

Oaks  (Quercus;  Fagaceae)  are  among  the  most  abundant  and  ecologically 
important  trees  in  Indiana.  They  occur  throughout  the  State  in  virtually  every 
type  of  habitat.  The  oaks  native  to  Indiana  vary  from  species  that  are  widespread 
(e.g.,  Quercus  alba  L.)  to  those  that  have  very  limited  distributions  (e.g.,  Q. 
pagoda  Raf.).  Despite  their  abundance  and  importance,  little  effort  has  been  spent 
in  recent  years  to  update  the  status  and  distribution  of  the  species  and  their  putative 
hybrids. 

Deam  (1940)  provided  fairly  complete  distribution  maps  for  eighteen  oak 
species  native  to  Indiana.  His  maps  were  based  on  specimens  deposited  in  both 
private  and  institutional  herbaria,  and  these  maps  became  the  standard  upon  which 
other  authors  based  their  accounts  of  oak  distributions  in  Indiana.  For  example. 
Little  (1971,  1977)  relied  almost  exclusively  on  Deam's  maps,  when  preparing 
his  own  maps.  Other  authors  followed  suit  (e.g.,  Preston,  1976;  Elias,  1980),  and 
a  consensus  of  opinion  with  respect  to  oak  distributions  in  Indiana  seemed  to 
appear.  But  as  noted  by  Jensen  (1985),  this  consensus  developed  because  these 
authors  all  adopted  the  same  set  of  reference  maps  and  not  because  of  any  change 
in  our  knowledge  of  oak  distributions. 

The  distributions  of  certain  oaks  were  examined  carefully  in  the  early  1980s. 
Jensen  (1985)  provided  updated  maps  for  the  ten  species  of  Quercus  subgenus 
Erythrobalanus  (the  red  and  black  oaks)  known  to  occur  in  Indiana.  Jensen 
(1985)  found  that  although  Deam's  (1940)  maps  were  fairly  complete  for  some 
species  (e.g.,  Q.  shumardii  Buckl.),  there  were  others  (e.g.,  Q.  ellipsoidalis  Hill) 
for  which  Deam's  maps  were  quite  incomplete.  After  visiting  a  number  of 
herbaria,  Jensen  (1985)  reached  two  important  conclusions  relative  to  the 
distributions  reported  by  Deam:  1)  voucher  specimens  for  numerous  new  county 
records  had  been  deposited  in  these  herbaria  in  the  40+  years  following  Deam's 
(1940)  last  treatment;  and  2)  a  number  of  Deam's  county  reports  could  not  be 
verified  by  specimens  in  the  herbaria  he  cited.  While  some  of  the  latter  instances 
reflected  the  misidentification  of  specimens,  others  were  the  result  of  the  apparent 
loss  of  specimens  and/or  collections. 
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Hybridization  is  a  common  phenomenon  among  oaks  (e.g.,  Palmer,  1948; 
Knops  and  Jensen,  1980),  and  a  number  of  oak  hybrids  have  been  reported 
from  Indiana.  Deam  (1940)  reported  nine  nominal  hybrid  combinations  from 
Indiana,  but  one  of  these  {Q.  x  schuettei  Trel.)  was  later  shown  to  be 
synonymous  with  Q.  x  hillii  Trel.  (Palmer,  1948).  In  his  comprehensive 
review  of  the  hybrid  oaks  of  North  America,  Palmer  (1948)  reported  three 
additional  hybrids  from  Indiana,  bringing  the  total  to  eleven.  Jensen  (1985) 
added  two  more  to  the  list,  but  noted  that  the  occurrence  of  one  hybrid,  reported 
by  both  Deam  (1940)  and  Palmer  (1948),  was  based  on  a  misidentified 
specimen.  Thus,  the  number  of  hybrids  in  Indiana  stood  at  twelve.  In  addition, 
Jensen  (1985)  indicated  that  evidence  existed  for  at  least  three  other  hybrids 
in  Indiana. 

Natural  hybridization  among  oaks  is  known  to  occur  only  between  species  in 
the  same  subgenus.  Based  on  ten  species  of  subgenus  Erythrobalanus  and  nine 
species  of  subgenus  Quercus  (the  white  and  chestnut  oaks)  reported  from  Indiana, 
the  maximum  number  of  hybrid  combinations  that  could  occur  in  the  State  is  81. 
Even  when  allowance  is  made  for  the  fact  that  some  species  pairs  are  allopatric 
within  the  State  (e.g.,  the  range  of  Q.  ellipsoidalis  does  not  overlap  with  those  of 
Q.  falcata  Michx.,  Q.  marilandica  Muenchh.,  or  Q.  pagoda),  the  number  of 
possible  hybrid  combinations  is  still  approximately  75.  However,  not  all  possible 
hybrid  combinations  have  been  documented  in  North  America,  much  less  in 
Indiana.  For  example,  despite  the  fact  that  Q.  palustris  Muenchh.  occurs  in 
sympatry  with  each  of  the  nine  other  species  of  subgenus  Erythrobalanus  native 
to  Indiana,  it  reportedly  only  hybridizes  with  six  (Palmer,  1948;  Jensen,  1985). 
The  same  circumstance  exists,  to  a  greater  or  lesser  degree,  for  most  other  species. 
Thus,  careful  examination  of  both  the  distributions  of  and  variation  within  each 
species  may  reveal  evidence  of  unrecorded  hybrids  and,  possibly,  new  hybrid 
combinations. 

This  study  was  initiated  for  two  reasons.  First,  the  study  was  expanded  to 
include  all  the  oaks  in  Indiana;  Jensen  (1985)  dealt  only  with  the  red  and  black 
oaks.  Second,  during  two  weeks  of  field  work  in  a  five  county  area,  one  of  the 
authors  (AB)  was  able  to  document  ten  new  county  records,  indicating  the  need 
for  a  more  thorough  survey.  As  a  consequence,  the  authors  decided  to  document 
the  distributions  of  all  Indiana  oak  species  and  hybrids.  This  goal  was  reached 
primarily  through  the  examination  of  herbarium  collections  supplemented  by 
some  field  work. 

MATERIALS  AND  METHODS 

The  majority  of  the  distributional  records  for  this  update  were  based  on 
Indiana  specimens  on  loan  from  or  observed  during  visits  to  fifteen  herbaria 
(Table  1).  Additional  records  are  based  on  the  authors'  personal  collections 
(RJJ's  at  Saint  Mary's  College;  AB's  at  Notre  Dame).  Herbarium  specimens 
were  determined  to  species,  and  the  collector,  collection  number,  date  of 
acquisition,  county,  herbarium,  and  accession  number  were  recorded  from  the 
label.  A  single  collection  sheet  was  chosen,  based  on  chronological  priority,  as 
the  official  record  of  that  taxon  in  each  county  for  two  reasons.  First,  this 
approach  provides  the  most  accurate  account  of  the  original  distribution  of  the 
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Table  1.  The  15  herbaria  holding  collections  used  in  this  study  (herbarium 
abbreviations  according  to  Holmgren,  et  al.  (1990)). 


New  York  Botanical  Garden  (NY) 
Eastern  Illinois  University  (EIU) 
Field  Museum  of  Natural  History  (F) 
University  of  Kentucky  (KY) 
University  of  Michigan  (MICH) 
University  of  Illinois  (ILL) 
Miami  University  (MU) 
University  of  Evansville 


Indiana  University  (IND) 

Purdue  University  (PUL) 

Butler  University  (BUT) 

Earlham  College  (EAR) 

Indiana  University  Southeast  (JEF) 

Ball  State  University  (BSUH) 

University  of  Notre  Dame  (ND,  NDG) 


taxon.  Second,  it  gives  priority  to  the  first  collector  of  that  taxon  in  that  area.  By 
acknowledging  the  earliest  collectors,  the  distribution  records  will  also  serve  as 
a  historical  record  for  the  State  and  its  respective  botanists.  Label  data  for  all 
specimens  used  to  document  county  records  have  been  stored  in  a  microcomputer 
database  and  are  available  on  request  (contact  RJJ  for  information). 

Distribution  information  was  also  obtained  from  literature  sources.  The 
issues  of  the  Proceedings  of  the  Indiana  Academy  of  Science  published  since  1 89 1 
were  reviewed  for  citations  of  oak  occurrences  which  were  supplemental  to  those 
documented  by  herbarium  specimens.  The  majority  of  these  references  were 
obtained  from  reports  in  the  Plant  Taxonomy,  Botany,  Ecology,  Biological 
Survey,  and  Fungi  Sections  of  the  Proceedings.  Although  these  identifications 
could  not  be  verified,  they  do  provide  valuable  historical  information. 

Several  records  of  oaks  were  omitted  from  this  update.  These  citations  were 
first  reported  in  Deam  (1918)  but  were  discarded  in  all  of  his  later  works.  Deam 
(1918)  described  these  records  in  his  introduction  using  the  following  statement: 

In  considering  some  of  the  older  publications  it  should  be  borne 
in  mind  that  scientific  accuracy  was  not  as  rigorously  demanded 
as  at  present,  and  that  some  of  the  authors  were  not  trained 
botanists. 

For  example,  as  Jensen  (1985)  discovered,  early  reports  of  the  presence  of  Q. 
nigra  L.  and  Q.  phellos  L.  in  Indiana  were  based  on  erroneous  identifications. 

Universal  agreement  does  not  exist  on  the  status  of  the  species  of  oaks  in 
eastern  North  America  or  their  distributions.  Our  species'  identifications  follow 
Elias  (1980)  with  one  exception:  Q.  pagoda  is  recognized  as  a  species  distinct 
from  Q.falcata  (Jensen,  1989).  In  addition,  the  authors  maintain  the  distinction 
between  Q.  ellipsoidalis  and  Q.  coccinea  Muenchh.,  following  Deam  (1940)  and 
Jensen  (1986);  and  Q.  prinoides  Willd.  is  recognized  as  a  widespread  (e.g., 
Hardin,  1975)  species  distinct  from  Q.  muehlenbergii  Engelm. 

After  reviewing  herbarium  specimens  and  the  literature,  distribution 
information  was  entered  into  a  computer  database  using  SYSTAT,  version  4.0. 
These  data  were  used  to  generate  maps  illustrating  the  county  by  county 
distribution  of  each  species.  The  database  information  was  also  used  as  input  for 
a  numerical  taxonomic  analysis  of  the  distributional  relationships  among  the 
species.  For  this  analysis,  the  species  were  treated  as  operational  taxonomic  units 
(OTUs)  and  the  county  presences  were  treated  as  characters.  Because  one  species 
{Que reus  prinoides  Willd.)  is  known  from  only  two  localities  in  the  State,  it  was 
not  included  in  this  analysis.  Thus,  the  data  matrix  consisted  of  18  OTUs  (oak 
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1 .  Quercus  alba  2.  Quercus  bicolor 


3.  Quercus  coccinea         4.  Quercus  ellipsoidalis 


7.  Quercus  lyrata  8.  Quercus  macrocarpa 


9,  Quercus  marilandica    10.  Quercus  michauxii 


13.  Quercus  palustris        14.  Quercus  prinoides 


\1L' Quercus  muehlenbergii  1 2.  Quercus  pagoda  15.  Quercus  prinus  i6.j  Quercus  rubra 


Vol.  104(1995) 


Indiana  Academy  of  Science 


15 


47,  Quercus  shumardii         18.  Quercus  stellata 


19.  Quercus  velutina 


Figures  1-19.  The  distributions  of  19  oak  species  in  Indiana  (filled  =  county  record 
verified  by  an  herbarium  specimen;  crosshatched  =  county  record  based  solely 
on  a  Hterature  citation;  open  =  no  record  for  this  species  in  the  county). 

species)  and  92  characters  (Indiana  counties).  Each  character  was  scored  0/1 
based  on  the  occurrence  (either  documented  by  a  specimen  or  a  literature  citation) 
of  each  species.  The  raw  data  were  converted  to  an  18  x  18  similarity  matrix 
based  on  Jaccard's  coefficient.  This  matrix  was  used  to  create  a  phenogram  by 
means  of  UPGMA  cluster  analysis  and  an  ordination  by  means  of  principal 
coordinates  analysis  (Sneath  and  Sokal,  1973).  All  computations  were  performed 
using  a  test  copy  of  NTSYS-pc,  version  1.8,  provided  by  F.J.  Rohlf. 


RESULTS 

Table  2  provides  an  alphabetical  list  of  the  species  documented  for  Indiana, 
and  distribution  maps  for  each  species  are  presented  in  Figures  1-19.  Counties 
for  which  a  species'  occurrence  has  been  verified  by  an  herbarium  specimen  are 
completely  darkened  while  cross-hatching  indicates  a  literature  citation  that  could 
not  be  confirmed  by  reference  to  a  specimen. 

The  phenogram  in  Figure  20  depicts  relationships  among  the  18  OTUs 
based  on  both  specimen  and  literature  county  occurrences.  The  OTUs  are 
identified  by  the  first  3-5  letters  of  their  respective  species  epithet.  There  are 
two  primary  clusters  reflecting:  1)  species  found  throughout  the  State  (the 
cluster  ALB  -  ELL);  and  2)  species  with  limited  distributions  within  the  State 
(the  cluster  FAL  -  PRINU).  One  OTU  with  limited  distribution  (ELL;  Figure 
4)  occurs  in  the  first  cluster,  but  joins  those  OTUs  at  a  very  low  level  of  similarity. 
Figure  21,  a  plot  of  the  first  two  dimensions  of  the  principal  coordinates  analysis, 
reveals  that  ELL  is  located  near  the  middle  of  coordinate  1  and  is  distinctly 
separated  from  all  other  OTUs  on  coordinate  2.  The  minimum  spanning  tree 
superimposed  on  this  plot  indicates  that  the  distribution  of  ELL  has  more  in 
common  with  COC  than  with  that  of  any  other  OTU,  but  ELL  is  an  outlier 
with  respect  to  the  overall  pattern. 

Table  3  and  Figure  22  summarize  the  information  on  the  oak  hybrids  known 
to  occur  in  Indiana.  While  most  hybrids  are  encountered  infrequently,  two  appear 
to  be  rather  common  in  Indiana:  Quercus  x  leana  Nutt.  has  been  reported  from 
19  counties,  and  Q.  x  runcinata  Engelm.  has  been  reported  from  10  counties. 
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Table  2.  Oak  species  native  to  Indiana.  Except  for  Quercus  pagoda  (Jensen, 
1989),  the  nomenclature  follows  Elias  (1980). 


Quercus  alba  L. 
Q.  bicolorW\\\d. 
Q  coccinea  Muenchh. 
Q.  ellipsoidalis  Hill 
Q.  falcata  Michx. 
Q.  imbricaria  Michx. 
Q.  lyrata  Walt. 
Q.  macrocarpa  Michx. 
Q.  marilandica.  Michx. 
Q.  michauxii  Nutt. 


Q.  muehlenbergii  Engelm. 

Q.  pagoda  Raf. 

Q.  palustris  Muenchh. 

Q.  prinoides  Willd. 

Q.  prinus  L. 

Q.  rubra  L. 

Q.  shumardii  Buckl. 

Q.  stellata  Wang. 

Q.  velutina  Lam. 


DISCUSSION 

Distributions.  The  distribution  maps  (Figures  1-19)  reveal  that  some  species 
{Q.  alba,  Q.  bicolor,  Q.  coccinea,  Q.  imbricaria,  Q.  macrocarpa,  Q.  muehlenbergii,  Q. 
palustris,  Q.  rubra,  and  Q.  vdutina)  are,  or  could  be  expected  to  be,  found  in  almost 
every  county.  Other  species  have  regional  distributions  in  Indiana  {Q.  ellipsoidalis, 
Q.  falcata,  Q.  lyrata,  Q.  marilandica,  Q.  michauxii,  Q.  pagoda,  Q.  prinus,  Q. 
shumardii,  and  Q.  stellata),  while  one  {Q.  prinoides)  appears  to  be  quite  rare. 

Two  species  illustrate  complementary  distributions.  If  the  maps  for  Q. 
ellipsoidalis  (Figure  4)  and  Q.  shumardii  (Figure  17)  are  superimposed,  then  the 
entire  State  is  covered.  The  ranges  overlap  somewhat,  but  it  is  of  interest  to  note  that 
the  area  where  they  overlap  corresponds  roughly  to  the  southern  boundary  of  the 
Kankakee  Outwash  and  Morainal  Plain  to  the  west  and  the  Steuben  Morainal  Lake 
Area  to  the  east  (Schneider,  1966).  The  distributional  limits  of  these  two  species 
reflect  environmental  constraints,  not  incomplete  sampling. 

There  are  some  anomalies  in  these  distributions.  For  example,  Q. 
muehlenbergii  (Figure  1 1)  is  undocumented  for  many  counties,  primarily  in  the 
north.  Because  this  species  has  a  range  that  extends  to  both  the  north  and  west 
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Figure  20.  Phenogram  produced  by  UPGMA  cluster  analysis  of  the 
presence/absence  of  each  species  in  each  county.  Abbreviations  are  the  first  3-5 
letters  of  the  specific  epithets. 
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Table  3.  Hybrid  oaks  reported  to  occur  in  Indiana.  The  nomenclature  follows 
Little  (1979). 

Quercus  x  anceps  Palmer  (falcata  x  imbricaria) 

Q.  X  beadlei  Trel.  {alba  x  michauxii) 

Q.  X  bebbiana  Schneid.  {alba  x  macrocarpa) 

Q.  X  bushii  Sarg.  {marilandica  x  imbricaria) 

Q.  X  deamii  Trel.  {macrocarpa  x  muehlenbergii) 

Q.  xfernowii  Trel.  («//?«  x  stellata) 

Q.  xfontana  Laughlin  {coccinea  x  velutina) 

Q.  X  hawkinsii  Sudw.  (rw^ra  x  velutina) 

Q.  X  /z/////  Trel.  {bicolor  x  macrocarpa) 

Q.  xjackiana  Schneid.  (a//?fl  x  bicolor) 

Q.  X  /eana  Nutt.  {imbricaria  x  velutina) 

Q.  X  mutabilis  Palmer  &  Steyerm.  {palustris  x  shumardii) 

Q.  X  paleolithicola  Trel.  {ellipsoidalis  x  velutina) 

Q.  X  riparia  Laughlin  {rubra  x  shumardii) 

Q.  X  runcinata  (A.  DC.)  Engelm.  {imbricaria  x  rw^ra) 

Q.  X  5flM///  Schneid.  (a/^o  x  prinus) 

Q.  X  tridentata  (A.  DC.)  Engelm.  {imbricaria  x  marilandica) 

Q.  X  vflgfl  Palmer  &  Steyerm.  {palustris  x  velutina) 


of  Indiana,  its  absence  from  many  northern  counties  is  likely  the  result  of 
oversight  by  collectors,  although  we  cannot  discount  the  possibility  that  this 
reflects  a  lack  of  suitable  habitat  in  northern  Indiana.  Similarly,  incomplete 
sampling  probably  explains  why  a  number  of  other  species  (Figures  2, 3, 6,  8, 13, 
16,  and  19)  have  a  large  number  of  undocumented  counties. 

The  distribution  of  Q.  velutina  (Figure  19)  illustrates  a  strange  gap  in  the 
center  of  the  State  which  is  present  in  at  least  two  other  species  expected  to  occur 
statewide  as  well:  Q.  imbricaria  (Figure  6)  and  Q.  coccinea  (Figure  3).  The  gap, 
extending  from  Carroll  County  in  the  north  to  Jennings  County  in  the  south,  cuts 
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Figure  2 1 .  A  plot  of  species  relationships  on  the  first  two  dimensions  of  a  principal 
coordinates  analysis  of  the  matrix  of  similarities  used  to  produce  Figure  20. 
Coordinate  1  accounts  for  33%  of  the  variation;  coordinate  2  accounts  for  12% 
of  the  variation. 
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Figure  22.  County  distributions  for  the  hybrids  listed  in  Table  3.  Abbreviations 
are  the  first  one  or  two  letters  of  the  hybrid  epithets  (except  for  BA  and  BB,  which 
represent  Q.  x  beadlei  and  g.  x  bebbiana,  respectively). 

across  both  the  Tipton  Till  Plain  and  the  Muscatatuck  Regional  Slope  (Schneider, 
1966).  When  maps  for  the  three  species  are  superimposed,  a  span  of  eleven 
counties  remains  undocumented.  These  three  species  belong  to  subgenus 
Erythrobalanus  and  often  occur  in  similar  habitats.  Their  mutual  absence  from 
these  counties  might  reflect  a  lack  of  suitable  habitats.  However,  Q.  alba  (Figure 
1)  also  occurs  in  the  same  types  of  habitats  as  these  three,  and  it  is  present  in  this 
eleven  county  area.  Because  the  topography  of  the  undocumented  and 
surrounding  documented  counties  is  similar,  elevational  differences  are  not 
responsible  for  these  three  species  being  absent  from  these  eleven  counties.  Other 
maps  (Schall,  1966;  Ulrich,  1966)  indicate  that  this  gap  does  not  coincide  with 
climatic  patterns  or  general  soil  types.  Thus,  the  joint  absence  of  these  three 
species  from  these  counties  appears  to  represent  an  artifact  of  collecting.  This  is 
supported  by  the  presence  of  the  hybrid,  Q.  x  leana  Nutt.,  a  cross  between  Q. 
imbricaria  and  Q.  velutina,  in  Marion  County,  which  lies  in  the  center  of  the  gap. 


Floristic  Relationships.  The  distributions  documented  in  Figures  1-19  can 
be  placed  in  context  by  applying  Cain's  (1944)  suggestion  of  classifying  each 
species  as  an  intraneous  or  extraneous  element  of  the  flora.     The  intraneous 
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species,  those  for  which  Indiana  lies  well  within  the  broader  distribution,  are  Q. 
alba,  Q.  bicolor,  Q.  imbricaria,  Q.  macrocarpa,  Q.  muehlenbergii,  Q.  palustris,  Q. 
prinoides,  Q.  rubra,  and  Q.  velutina.  The  remaining  ten  species  are  extraneous;  i.e., 
Indiana  is  at  or  near  the  limits  of  their  broader  distribution. 

The  extraneous  species  can  be  further  characterized  by  reference  to  the 
direction  from  Indiana  to  which  their  range  extends.  For  example,  Q.  ellipsoidalis 
is  a  north-northwest  extraneous  element,  while  Q.  prinus  is  a  southern-eastern 
extraneous  element.  Several  species  are  southern  extraneous  elements,  representing 
the  northern  limits  of  distributions  that  follow  the  Atlantic  Coastal  Plain  and  the 
Mississippi  River  Valley:  Q.falcata,  Q.  lyrata,  Q.  michauxii,  and  Q.  pagoda.  The 
four  remaining  extraneous  species  {Q.  coccinea,  Q.  marilandica,  Q.  shumardii, 
and  Q.  stellata)  are  harder  to  characterize.  In  each  case,  Indiana  lies  at  the 
northern  limits  of  a  range  that  extends  both  to  the  west  and  to  the  east  or  northeast. 

These  geographic  relationships  can  be  seen  in  Figure  20.  First,  the  lower 
cluster  (FAL  -  PRINU)  consists  entirely  of  extraneous  species.  Quercus  prinus, 
the  only  one  of  these  species  that  does  not  have  a  Coastal  Plain  distribution,  is 
depicted  here  as  distinct  from  the  other  six.  Second,  the  upper  cluster  (ALB  -  ELL) 
has  both  intraneous  and  extraneous  species.  Quercus  ellipsoidalis  and  Q.  coccinea, 
both  extraneous  elements,  are  separated  from  the  other  species.  At  the  next  level, 
seven  species  (all  intraneous  elements)  are  separated  from  a  cluster  consisting  of  Q. 
muehlenbergii  and  Q.  shumardii.  While  the  latter  two  species  represent  intraneous 
and  extraneous  elements,  respectively,  the  reason  they  cluster  together  is  apparent 
from  Figures  1 1  and  17.  Both  species  are  found  throughout  much  of  the  State  but 
have  not  been  documented  for  many  counties  in  the  northwest  and  north-central 
areas.  For  Q.  shumardii,  this  represents  the  northwest  limit  of  its  range.  On  the 
other  hand,  Q.  muehlenbergii  occurs  both  to  the  north  and  west  of  Indiana;  its 
absence  in  these  counties  may  reflect  nothing  more  than  oversight  by  collectors. 
Similarly,  the  pattern  in  Figure  21  is  one  in  which  the  first  coordinate  emphasizes 
differences  between  intraneous  (upper  right)  and  southern  extraneous  (upper  left) 
species,  while  the  second  coordinate  separates  the  one  northern  extraneous 
species  {Q.  ellipsoidalis)  from  the  others. 

Six  species,  all  southern  extraneous  species  (Figures  5,  7,  9,  10,  12,  and  18), 
have  quite  similar  distributions  in  Indiana.  A  comparison  of  these  distributions 
to  climatological  maps  (Schaal,  1966)  suggests  that  winter  temperatures  may  be 
the  critical  factor  limiting  the  distributions  of  these  species.  With  the  exception 
of  Q.  stellata,  which  has  two  more  northern  county  records,  the  northern  limits 
for  each  species  coincide  roughly  with  isotherms  representing  a  January  mean 
daily  minimum  temperature  of  24°  F  and  a  January  mean  daily  maximum  temperature 
of  42°  F.  Interestingly,  these  six  species  consist  of  three  that  typically  are  found 
in  upland  xeric  habitats  {Q.  falcata,  Q.  marilandica,  and  Q.  stellata)  and  three 
that  typically  are  found  in  lowland  mesic  and/or  riparian  habitats  {Q.  lyrata,  Q. 
michauxii,  and  Q.  pagoda).  Topographically,  the  degree  of  dissection  of  the 
Indiana  landscape  decreases  as  one  moves  north  into  the  Tipton  Till  Plain 
(Schneider,  1966)  and  these  distributions  may  be  influenced  by  a  lack  of  suitable 
habitat  in  the  central  portion  of  the  State. 

Hybrids.  As  a  result  of  examining  several  thousand  herbarium  specimens, 
the  number  of  nominal  hybrid  oaks  found  in  Indiana  has  increased  from  12  to  18 
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(Table  3;  Figure  22).  The  two  most  frequently  encountered  hybrids  are  Q.  x  leana 
and  Q.  x  runcinata,  both  hybrids  between  an  entire-leaved  species  (Q.  imbricaria 
in  both  cases)  and  a  lobed-leaved  species  {Q.  velutina  and  Q.  rubra,  respectively). 
Such  hybrids  are  well-known  and  frequently  reported,  probably  because  the 
leaves,  which  are  typically  asymmetrically  lobed  (see  Wagner  and  Schoen,  1976), 
are  quite  distinctive  and  easily  noticed  by  collectors. 

Several  of  the  hybrids  are  crosses  between  morphologically  similar  species. 
These  hybrids  characteristically  have  the  general  appearance  of  one  or  the  other  of 
the  parental  species,  and  as  a  consequence,  these  trees  are  often  viewed  by  collectors 
as  nothing  more  than  aberrant  forms  of  one  of  the  parents.  In  most  cases,  if  the 
specimen  includes  leaves,  twigs,  and  fruits,  its  hybrid  status  is  apparent. 

In  addition  to  the  hybrids  listed  in  Table  3,  specimens  were  found  that 
suggested  Q.  exacta  Trel.  {Q.  imbricaria  x  Q.  palustris\  Deam  291 16,  IND  1 8560) 
and  two  unnamed  combinations:  Q.  coccinea  x  Q.  rubra  (Friesner  25367,  BUT 
96529)  and  Q.  alba  x  Q.  muehlenbergii  (Deam  &  Williamson  10544;  NY  s.n.). 
The  first  putative  hybrid  was  reported  by  Deam  (1940)  and  Palmer  (1948),  but 
Jensen  ( 1 985)  concluded  that  the  tree  in  question  belonged  in  Q.  x  runcinata.  The 
second  putative  hybrid  is  a  combination  referred  to  as  Q.  x  benderi  Baenitz,  a 
name  that  has  been  rejected  (Palmer,  1948;  the  type  specimen  of  this  taxon  was 
apparently  from  a  tree  of  Q.  ellipsoidalis).  The  third  putative  hybrid  is  a 
combination  that  has  not  been  formally  named,  despite  the  fact  that  a  number  of 
authors  (e.g.,  Hardin,  1975;  Little,  1979)  have  reported  instances  of  this  hybrid. 
For  the  sake  of  clarity,  remember  that  Q.  x  deamii  Trel.  was  originally  described 
as  a  cross  of  Q.  alba  x  Q.  muehlenbergii.  Deam  (1940)  and  Palmer  (1948)  both 
discuss  this  hybrid  and,  despite  reservations,  ascribe  it  that  parentage.  However, 
as  discussed  by  Hardin  (1975),  the  type  tree  of  Q.  x  deamii  and  its  progeny  appear 
to  represent  a  cross  of  Q.  macrocarpa  x  Q.  muehlenbergii. 

Reports  of  several  hybrids  indicate  the  presence  in  a  county  of  a  species  that 
has  not  otherwise  been  documented.  Quercus  michauxii,  Q.  stellata,  and  Q. 
velutina  have  not  been  documented  for  Brown,  Lawrence,  or  Marion  Counties, 
respectively  (Figures  10, 18,  and  19).  In  each  case,  there  is  a  hybrid  report  (Figure 
22),  indicating  that  these  species  do  occur  in  these  counties. 

Seven  different  hybrids  have  been  found  in  Lawrence  County  (Figure  22). 
Their  occurrence  could  be  the  result  of  the  high  diversity  of  oaks  in  Lawrence 
County;  of  the  19  species  native  to  Indiana,  14  are  known  or  are  suspected  to 
occur  in  the  County.  The  diversity  of  species  might  increase  the  likelihood  of 
hybridization.  However,  if  that  were  the  case,  then  there  should  be  more  reports 
of  hybrids  from  Gibson,  Posey,  and  Spencer  Counties,  each  of  which  has  16 
species  of  oaks  documented. 

The  number  of  hybrids  reported  from  a  particular  county  is  most  likely  a 
reflection  of  the  time  collectors  interested  in  oaks  have  spent  in  that  county.  For 
example,  four  hybrids  have  been  reported  from  Wells  County,  and  a  total  of  six 
have  been  reported  from  Lake  and  Porter  Counties.  C.C.  Deam  lived  in  Wells 
County,  and  he,  along  with  R.C.  Friesner,  R.  Kriebel,  and  others,  spent 
considerable  time  in  the  field  in  Lake  and  Porter  Counties.  Seven  hybrids  have 
been  reported  from  Lawrence  County,  and  the  aforementioned  collectors  seem 
to  have  spent  considerable  time  hiking  the  hills  near  Bedford  and  other  parts  of 
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the  county.  If  other  counties  were  as  thoroughly  explored,  additional  species  and 
hybrid  reports  might  arise. 

A  KEY  TO  THE  OAKS  OF  INDIANA 

The  following  key  can  be  used  to  identify  trees  that  are  more  or  less  typical 
of  each  species  found  in  Indiana.  Given  the  high  degree  of  variability  in  some 
species  and  the  existence  of  various  hybrid  combinations,  some  individual 
specimens  (either  in  the  herbarium  or  in  the  field)  will  be  difficult  to  key.  It  is 
always  best  to  examine  all  leaves  and  fruits  present  on  the  herbarium  specimen. 
In  the  field,  it  is  always  best  to  view  the  general  phenotype  of  the  entire  tree,  not 
just  that  of  a  few  leaves  and  fruits. 


1.  Leaves  with  bristle  tips;  mature  acorns  found  on  twigs  of  the  previous  year 
(red  and  black  oaks;  subgenus  Erythrobalanus) 

2.  Leaves  entire  to  3-lobed;  if  lobed,  leaves  widest  above  the  middle 

3.  Leaves  shallowly  to  deeply  lobed;  widest  near  the  apex 

4.  Lower  surface  of  leaves  uniformly  pubescent/tomentose;  leaf 

bases  u-shaped  to  rounded;  petioles  2-7  cm  long 

Que  reus  falcata 

4.  Lower  surface  of  leaves  glabrous  or  only  sparsely  pubescent;  leaf 

bases  rounded  to  cordate;  petioles  1-2  cm  long 

Quereus  marilandiea 

3.  Leaves  entire,  widest  near  the  middle Quereus  imbriearia 

2.  Leaves  5-1 1  lobed;  if  lobes  fewer  than  5,  then  leaves  widest  at  or 
below  the  middle 

5.  Lower  surface  of  leaves  uniformly  pubescent/tomentose 

6.  Leaf  bases  distinctly  u-shaped;  terminal  leaf  lobe  often  falcate 
and  decidedly  longer  than  lateral  lobes Quereus  faleata 

6.  Leaf  bases  broadly  acute  to  truncate;  terminal  leaf  lobe  rarely 
falcate,  not  exceeding  the  lateral  lobes  in  length 

Quereus  pagoda 

5.  Lower  surface  of  leaves  glabrous  (except  for  axillary  tufts  of 
tomentum)  or  only  sparsely  pubescent 

7.  Lower  surface  of  leaves  glabrous  except  for  prominent  axillary 
tufts  along  the  midrib 

8.  Twigs  and  buds  gray  to  gray-brown;  buds  glabrous;  nuts  large 

(15-30  mm  long),  ovate  to  oblong 

Quereus  shumardii 
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8.  Twigs  and  buds  reddish-brown;  buds  often  with  a  tuft  of  hairs 
at  the  apex;  nuts  small  (10-15  mm  long),  globose  to  ovate. . . 

Quercus  palustris 

7.  Lower  surface  of  leaves  glabrous  or  sparsely  pubescent,  axillary 
tufts  along  midrib  minute  or  absent 

9.  Leaves  typically  5-7  lobed,  the  lobes  usually  becoming  wider 
toward  their  apices;  acorn  cups  rounded  and  deep,  covering  1/3 
to  1/2  of  the  nut 

10.  Terminal  buds  3-6  mm  long,  reddish-brown  and  glabrous 
or  silvery  pubescent  above  the  middle;  inner  surface  of 
acorn  cups  essentially  glabrous 

11.  Nuts  ovoid  to  sub-globose,  with  one  or  more  concentric 
rings  of  pits  at  the  apex;  cup  scales  with  broad,  glossy 

bases,  the  scale  margins  often  strongly  concave 

Quercus  coccinea 

1 1 .  Nuts  ellipsoid  to  ovoid,  lacking  rings  of  pits  at  the 
apex;  cup  scales  pubescent  with  straight  to  slightly 
concave  margins Quercus  ellipsoidalis 

10.  Terminal  buds  6-12  mm  long,  tawny  tomentose;  inner 

surface  of  acorn  cups  distinctly  tomentose 

Quercus  velutina 

9.  Leaves  typically  7-11  lobed,  the  lobes  usually  tapering  toward 

their  apices;  acorn  cups  shallow,  covering  1/4  to  1/3  of  the  nut 

Quercus  rubra 

1.  Leaves  lacking  bristle  tips;  mature  acorns  found  on  twigs  of  the  current 
year  (white  and  chestnut  oaks;  subgenus  Quercus) 

12.  Leaves  with  5-20  pairs  of  teeth  or  shallow  lobes;  secondary  teeth/lobes 
usually  absent 

13.  Leaves  with  5-8  lateral  veins  on  each  side 

14.  Shrub;  each  lateral  vein  ending  in  a  tooth;  acorns  sessile  or 
nearly  so Quercus  prinoides 

14.  Tree;  several  lateral  veins  not  ending  in  teeth  or  lobes;  acorns  on 
peduncles  2-7  cm  long Quercus  bicolor 

13.  Leaves  with  9-20  lateral  veins  on  each  side 

15.  Teeth  of  leaves  blunt,  not  or  only  slightly  curved  towards  the 
leaf  apex;  leaves  mostly  ovate  to  obovate  in  outline;  nuts  20- 
35  mm  long 

16.  Bark  dark  and  deeply  furrowed;  acorn  cup  scales  fused;  trees 
of  dry  habitats Quercus  prinus 
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16.  Bark  gray  and  scaly;  acorn  cup  scales  distinct;  trees  of 

moist  habitats Quercus  michauxii 

15.  Teeth  of  leaves  sharp,  curved  towards  the  leaf  apex;  leaves 

mostly  lanceolate-elliptic  in  outline;  nuts  15-20  mm  long 

Quercus  muehlenbergii 

12.  Leaves  with  1-5  pairs  of  lobes;  secondary  teeth/lobes  common 

17.  Twigs  essentially  glabrous 

18.  Lower  surface  of  leaves  densely  pubescent/tomentose 

19.  Sinuses  of  lower  half  of  leaf  blade  much  deeper  than  those  of 
the  upper  half;  upper  portion  of  blade  broad,  obtuse  in 
outline;  scales  at  margins  of  acorn  cups  noticeably  awned, 
cups  covering  about  1/2  of  the  nut.  .  .  .  Quercus  macrocarpa 

19.  Sinuses  of  the  lower  and  upper  halves  of  the  leaf  blade  about 
equal  in  depth;  upper  half  of  blade  narrow,  generally  acute  in 
outline;  scales  at  margins  of  acorn  cups  not  awned,  cups 
covering  2/3  to  all  of  the  nut Quercus  lyrata 

18.  Lower  surface  of  leaves  glabrous Quercus  alba 

17.  Twigs  densely  pubescent Quercus  stellata 
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ABSTRACT:  As  part  of  an  ongoing  project  to  develop  a  low-cost,  portable  blood 
electrolyte  analyzer,  the  authors  investigated  the  role  of  memory  effects  and  offset 
potentials  in  limiting  the  performance  of  flow-through,  ion-selective  electrodes.  These 
electrodes  were  used  in  a  protoype  portable  analyzer  to  determine  sodium,  potassium, 
and  chloride  ion  concentrtions  in  blood  serum.  A  method  of  quantifying  these  effects 
and  partially  compensating  for  them  was  devised.  Compensating  for  these  effects 
significantly  improved  the  performance  of  the  prototype  analyzer  under  laboratory 
conditions.  The  improved  performance  matched  or  exceeded  that  of  one  commercially 
available  non-portable,  automated  system  at  the  90  percent  confidence  level.  These 
effects  and  the  method  used  to  improve  the  performance  of  the  prototype  blood 
electrolyte  analyzer  are  discussed  in  this  paper. 

KEYWORDS:  Blood,  electrodes,  electrolyte,  errors,  flow-through,  ion-selective,  ISE, 
memory,  offset  potential,  portable. 

INTRODUCTION 

As  part  of  a  project  to  develop  a  low-cost,  portable  blood  electrolyte  analyzer, 
the  authors  investigated  methods  to  determine  and  compensate  for  errors  caused 
by  memory  effects  and  offset  potentials  in  flow-through,  ion-selective  electrodes. 
Offset  potentials,  particularly  those  arising  from  liquid  junction  potentials,  have 
long  been  recognized  as  limiting  the  accuracy  and  precision  of  direct  analyses 
using  ion-selective  electrodes  (Skoog  and  West,  1988). 

Memory  effects  are  related  to  the  immediate  prior  history  of  the  electrode 
surface.  It  is  difficult,  if  not  impossible,  to  provide  identical  electrode  surfaces 
to  successive  samples.  Normally,  the  time  required  and  the  varying  nature  of 
serum  samples  makes  cleaning  alone  insufficient  to  eliminate  the  memory  effects. 
In  addition  to  cleaning  the  electrode  surfaces,  using  the  potential  produced  by  an 
intermediately  measured  reference  solution  can  be  used  in  the  computation  of 
sample  concentration  to  help  compensate  for  memory  effects.  This  approach  can 
best  be  understood  by  reference  to  equations  [1]  and  [2]  below. 

Cx  =  CrlO"f^^^"^^^^^  [1] 

S  =  (EH-EL)/(logCH-logCL)  [2] 

Equations  [1]  and  [2]  are  the  two  basic  expressions  utilized  in  computing 
sample  concentration  (Cx)  from  measured  potential  (Ex).  Cr  and  Ep  are  the 
concentration  and  potential  of  the  reference  solution,  respectively.  Eh  and  El 
are  the  potentials  measured  from  high  and  low  calibrating  standards  of 
concentrations  Ch  and  Cl-  (In  equations  [1]  and  [2],  the  activity  coefficient 
differences  are  neglected  at  all  ionic  concentrations  and  compensated  for  by  the 
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calibration  procedure.)  S  is  the  slope  as  determined  from  [2]  by  measuring  the 
potentials  of  a  high  and  a  low  standard  solution,  which  bracket  the  concentrations 
of  interest.  The  calibrating  standard  solutions  contain  each  of  the  analyte  ions. 
A  separate  slope  value  is  determined  for  each  of  the  analyte  ions.  The  value  of 
this  slope  is  different  for  each  of  the  ions,  and  it  remains  constant  between 
calibrations.  In  situations  in  which  intermediate  calculations  are  not  used,  the 
concentration  and  potential  of  one  of  the  standards  used  in  determining  the  slope 
is  used  in  [1]  to  compute  the  sample  concentration.  In  these  cases,  the  values  of 
Cl  and  El  are  used  as  Cf  and  Ef.  When  intermediate  potentials  are  used,  the 
potential  of  this  same  standard  is  measured  just  before  each  sample  potential  is 
measured,  and  this  intermediate  potential  is  used  in  [1]  as  Ej-  to  compute  the 
sample  concentration. 

Error-producing  offset  potentials  are  generated  by  asymmetry  potentials  with 
glass  electrodes,  liquid  junction  potentials,  and  interfering  substances.  Asymmetry 
potentials  are  variable,  not  susceptible  to  direct  measurement,  and  not  well 
understood.  Liquid  junction  potentials  are  calculated  by  the  Henderson  equation 
(Byrne,  1988)  and  are  related  to  the  mobilities,  concentrations,  and  charges  of  the 
ions  at  solution/interface  boundaries.  Such  junction  potentials  always  exist  at  the 
reference  electrode/sample  interface,  and  various  methods  to  minimize  these 
potentials  are  incorporated  into  common  commercial  electrolyte  analyzers.  The 
literature  contains  considerable  discussion  of  the  effect  of  proteins  and  other 
blood  constituents  on  error  potentials  generated  when  using  ion  selective 
electrodes  with  blood  serum  (Reichenbach,  1986;  Saris,  1987;  Maas,  1988; 
Burnett,  1988).  Maas  (1988)  concluded  that  observed  error  potentials  are 
probably  not  due  to  the  proteins  per  se  but  Ukely  arise  from  their  presence 
perturbing  cation  equilibria,  from  Donnan  effects  during  sample  preparation,  or 
from  semipermeable  membranes,  when  they  are  part  of  the  measuring  system.  A 
method  of  determining  the  factors  which  at  least  partially  compensate  for  these 
offset  error  potentials  (as  long  as  the  offset  potentials  are  constant)  will  be 
introduced  in  this  paper.  The  improved  accuracy  and  precision  resulting  from 
utilizing  these  factors  in  the  calculations  associated  with  the  prototype,  portable, 
blood  electrolyte  system  are  presented. 

EXPERIMENTAL 

Figure  1  shows  the  experimental  setup  for  the  prototype  portable  system  in 
which  the  sodium,  potassium,  and  chloride  ion-selective  electrodes  (ISEs)  are 
contained  in  a  plastic  housing  along  with  a  silver/silver  chloride  reference 
electrode.  The  electrodes  and  housing  were  all  obtained  from  the  Medica 
Corporation  (Bedford,  Massachusetts)  and  were  the  same  as  used  in  their 
automated  EasyLyte  Plus  instrument.  Shielded  cables  were  used  to  connect  each 
electrode  to  a  switch  box  containing  a  rotary  switch.  The  switch  box  was 
connected  to  a  Fisher  950  pH/ion  meter.  The  rotary  switch  enabled  the  user  to 
manually  select  a  particular  ISE  and  measure  the  potential  versus  the  reference 
electrode.  The  RS-232  output  of  the  pH/ion  meter  was  fed  directly  to  a  computer; 
a  locally  developed,  macro-driven  Lotus  123  program  transferred  the  data  directly 
into  a  spreadsheet  for  analysis  via  the  serial  port  on  the  computer. 
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Figure  1 .  System  configuration  for  the  prototype  portable  blood  electrolyte  analyzer. 


The  initial  goal  of  this  study  was  to  improve  the  electrochemical  performance 
of  the  system.  The  portable  system  was  calibrated  with  pure  salt  standards  using 
reagent  grade  sodium  chloride,  potassium  chloride,  and  sodium  acetate.  A  high 
standard  containing  160  mm/1  sodium  ions,  6.0  mm/1  potassium  ions,  and  130 
mm/1  chloride  ions  and  a  low  standard  containing  120  mm/1  sodium  ions,  2.0  mm/1 
potassium  ions,  and  85  mm/1  chloride  ions  were  used  to  calibrate  the  portable  system. 
Each  of  the  calibrating  solutions  contained  0.01%  thimerosal  as  a  preservative  and 
0.01%  Triton  X  as  a  wetting  agent.  Calibrations  were  carried  out  both  before  and 
after  a  series  of  trials.  Periodically,  a  calibration  was  carried  out  during  a  series  of 
trials.  Blood  serum  samples  were  analyzed  on  an  EktaChem  700XR  by  hospital 
laboratory  technicians  at  Marion  General  Hospital,  Marion,  Indiana.  These  samples 
were  refrigerated  until  used,  and  all  experiments  were  carried  out  on  these  samples 
on  the  same  day  they  had  been  analyzed  at  the  hospital. 

A  protocol  for  electrode  treatment  between  potential  measurements  was 
developed  to  provide  an  optimum  electrode  surface  for  each  sample  measurement. 
This  protocol  consisted  of  the  following  steps:  1)  four  0.2  ml  aliquots  of  the  low 
calibrating  standard  solution  were  passed  through  the  cells  as  rinses;  2)  the  serum 
sample  was  injected  and  allowed  to  equilibrate  for  about  45  seconds;  and  3)  the 
potential  of  each  elecrode  was  read,  and  the  sample  was  ejected. 

Table  1  shows  the  efficacy  of  performance  resulting  from  using  four  rinses 
as  compared  to  only  one  rinse.  The  protocol  used  for  the  1/29/93  experiment  was 
to  rinse  the  electrodes  once  with  a  0.2  ml  aliquot  of  standard  solution  (the  low 
concentration  standard  used  in  the  electrode  calibration  procedure).  The  potential 
of  this  standard  solution  was  recorded  after  it  equilibrated.  Then,  the  electrodes 
were  rinsed  once  with  a  0.2  ml  aliquot  of  the  serum  to  be  measured.  This  rinse 
was  followed  by  another  0.2  ml  aliquot  of  serum  from  which  the  potentials  were 
recorded.  The  absolute  percent  error  and  standard  deviation  of  the  standard  rinse 
solution  for  a  series  of  six  serum  samples  is  shown  for  each  of  the  electrolytes 
analyzed.  The  potential  of  the  standard  rinse  solution  was  also  recorded  before 
it  was  allowed  to  discharge  from  the  electrode  column.  Eleven  such  potentials 
for  each  indicator  electrode  were  recorded  throughout  the  series  of  measurements 
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Table   1.     Constancy  of  intermediately  measured  potentials  from  standard 
solutions  (PE  =  absolute  percent  error;  SD  =  standard  deviation). 


Test 

Na 
PE/SD 

K 
PE/SD 

CI 
PE/SD 

1  Rinse 

1/29/93 

IC^ 

5.2/1.3 

7.4/1.9 

1.4/0.8 

4  Rinses 

6/25/93 

7/6/93 

7/13/93 

7/13/93 

7/16/93 

NIC^ 

NIC 

IC 

IC  &  IS'^ 

IC&IS 

0.3/0.4 
0.4/0.5 
3.0/1.4 
1.0/0.9 
0.9/0.7 

0.6/0.5 
0.6/0.6 
0.9/1.0 
1.4/0.8 
1.0/1.2 

0.7/0.7 
1.1/1.0 
1.8/0.8 
1.5/0.7 
1.3/1.3 

^  IC    =  Intermediately  measured  potentials  used 

*'  NIC  =  No  use  of  intermediate  potentials. 

^  IS     =  Intermediately  measured  slopes  used  in  < 

in  calculations, 
calculations. 

of  six  serum  samples  and  five  controls.  Each  of  those  potentials  was  used  to 
compute  the  concentration  of  each  of  the  electrolytes  in  the  known  standard  used 
as  a  rinse.  The  absolute  percent  error  shown  reflects  the  deviation  from  the  known 
values,  and  the  standard  deviation  reflects  the  variation  in  these  percent  errors. 

The  results  of  an  improved  protocol  in  which  four  0.2  ml  aliquots  of  standard 
were  passed  through  the  electrodes  as  rinses  between  each  serum  sample  are 
shown  in  the  lower  portion  of  Table  1 .  The  absolute  percent  errors  and  standard 
deviations  are  considerably  smaller  for  both  the  sodium  and  potassium  electrodes. 
The  chloride  electrode  appears  to  be  relatively  unaffected.  Eight  serum  samples 
intermixed  with  control  samples  were  analyzed.  The  potential  used  in  the 
computations  shown  was  that  of  the  fourth  standard  solution  rinse.  These  data 
suggest  that  the  surfaces  of  the  sodium  and  potassium  electrodes  are  more 
reproducible  by  using  the  four  rinses  than  by  using  one  rinse.  Additional 
experiments  using  five  rinses  showed  no  significant  improvement  over  the 
protocol  using  four  rinses.  The  improvement,  resulting  from  four  rinses,  justifies 
the  slight  amount  of  additional  time  required  for  these  rinses  (less  than  one  minute 
per  sample)  and  the  additional  volume  of  standard  solution  required.  This 
procedure  was  followed  in  all  subsequent  analyses.  The  designation  IC  indicates 
that  intermediate  calculations  were  performed;  NIC  indicates  that  no  intermediate 
calculations  were  performed;  and  the  designation  IS  means  that  the  electrodes 
were  recalibrated  during  the  series  of  runs  and  that  the  newly  computed 
intermediate  slopes  were  used  in  all  subsequent  computations. 

To  investigate  the  effect  of  electrode  surface  condition  further,  several  series 
of  analyses  were  carried  out  in  which,  in  addition  to  rinsing  the  electrodes  with 
standard  four  times  between  each  serum  sample  analysis,  each  serum  sample  was 
run  three  times  in  succession  with  no  rinsing  between  these  successive  runs. 
Table  2  shows  the  results  from  these  experiments  on  two  separate  days,  6/25  and 
7/6.  On  both  of  these  days,  a  marked  increase  in  absolute  percent  error  and 
standard  deviation  appeared  after  the  first  run  for  both  sodium  and  potassium. 
The  chloride  electrode  appeared  to  be  relatively  unaffected.  As  a  rough  comparison, 
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Table  2.  Absolute  percent  error  (PE)  and  standard  deviation  (SD)  after  each  of 
three  sequential  runs  with  no  rinsing  of  electrodes  between  runs. 


Rl 

Na 

PE/SD 

R2 

R3 

Rl 

K 

PE/SD 

R2 

R3 

Rl 

Cl^ 

PE/SD 

R2 

R3 

6/25         2.6/0.7 
7/6           2.6/1.0 
1/29 

3.4/0.9 
3.3/1.2 
3.7/2.3 

3.5/1.0 
3.3/1.5 

2.0/0.9 
1.9/1.5 

4.3/2.4 
3.4/1.6 
4.4/2.3 

4.8/2.8 
3.6/1.3 

0.9/0.8 
1.6/1.1 

1.0/0.6 
1.1/0.7 
0.9/1.1 

1.2/0.6 
0.8/0.6 

'CI  Offset  =  1.5  mV. 

the  data  from  serum  samples  run  earlier  on  1/29  are  also  shown.  Since  the 
electrodes  on  1/29  were  only  rinsed  once  with  standard  between  different  serum 
samples  (rather  than  four  times)  and  once  with  the  sample,  the  comparison  is  not 
exact.  However,  the  conditions  most  nearly  correspond  to  the  second  run  of  the 
serum  in  the  series  shown  for  6/25  and  7/6.  These  data  suggest  that  the  most 
reproducible  measurements  for  the  sodium  and  potassium  ions  can  be  obtained 
from  electrode  surfaces  which  have  not  been  rinsed  with  the  sample  to  be 
analyzed.  The  significance  of  the  chloride  offset  shown  in  Table  2  will  be 
discussed  subsequently. 

RESULTS 

Offset  potentials  are  generated  both  from  liquid  junctions  and  from 
interfering  species.  Equation  [1]  along  with  equation  [3]  below  show  how  offset 
potentials  are  related  to  the  expression  for  computing  concentrations  from 
observed  potentials. 

Ex  =  ET4-Ej  +  Ei  [3] 

The  observed  potential,  Ex,  is  really  comprised  of  several  components.  Et  is  the 
desired  true  potential,  Ej  is  the  contribution  of  junction  potentials,  and  Ei  is  the 
contribution  of  interfering  species.  This  relationship  suggests  that  a  factor,  Eos, 
exists  which,  if  chosen  with  the  appropriate  sign  and  magnitude,  could  cancel  out 
the  effects  of  the  Ej  and  Ei  terms  as  shown  in  equation  [4]. 

Ex  =  ET  +  (Ej  +  Ei)±Eos  [4] 

The  theoretical  effect  of  junction  potentials  on  percent  error  has  been  shown 
(Czaban,1982)tobe 

%Error  =  |  [lO^'^J^^^^^^^^^^- 1]  |  x  100  [5] 

where  Ys  and  Yc  are  activity  coefficients  of  the  sample  and  calibrant  solution, 
respectively.  AEj  is  the  difference  between  the  junction  potential  of  the  calibrating 
solution  and  the  sample  solution.  A  plot  of  this  equation  is  shown  in  Figure  2 
with  the  activity  coefficients  taken  as  unity.  This  plot  suggests  that  for  small 
offsets,  such  as  would  be  expected  from  ISEs  under  the  conditions  of  this  study, 
the  percent  error  increases  rather  linearly  on  either  side  of  zero.  The  procedure 
for  determining  an  offset  correction  (Eos)  is  to  first  analyze  a  series  of  serum 
samples  in  which  the  concentrations  of  sodium,  potassium,  and  chloride  ions  are 
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Figure  2.  Theoretical  effects  of  junction  potential  on  absolute  percent  error. 

known.  Second,  one  iteratively  substitutes  a  sequence  of  values  for  Eos  into 
equation  [4]  and  computes  corresponding  concentrations  from  equation  [1].  The 
resulting  concentration  can  be  used  to  compute  an  absolute  percent  error 
associated  with  each  value  of  Eos  substituted.  Third,  these  absolute  percent  errors 
are  plotted  versus  the  associated  Eos.  Where  that  plot  goes  through  a  minimum, 
the  factor  which  best  cancels  out  the  total  offset  is  indicated. 

Figure  3  shows  the  results  of  employing  the  approach  just  described  with  a 
set  of  eight  serum  samples  run  on  6/25/93  using  data  obtained  from  the  first 
sequential  rinse  with  serum  sample  in  the  chloride  electrode.  Since  one  desires 
to  minimize  both  the  absolute  percent  error  and  the  standard  deviation,  both  PE 
and  SD,  as  well  as  the  sum  of  the  two,  are  shown.  The  minimum  occurs  at  1 .4 
mV.  A  similar  procedure  applied  to  the  data  obtained  from  the  second  sequential 
run  with  serum  yielded  a  larger  offset  of  1 .7  mV.  This  suggests  that  a  coating  of 
species  that  creates  an  offset  may  be  left  on  the  electrode  surface  after  the  first 
rinse.  The  offset  using  data  from  the  third  rinse  shows  little  change.  The  offset 


Table  3.  Absolute  percent  error  (PE)  and  standard  deviation  (SD)  resulting  from 
using  intermediately  measured  potentials  in  calculations  for  serum  samples 
analyzed  for  Na,  K,  and  CI  as  well  as  using  offset  in  the  choloride  calculations 
(N  =  8  for  each  day). 


Na 
PE/SD 

K 
PE/SD 

Cl^ 
PE/SD 

6/25 

2.8/0.5 

23/1.2 

1.0/0.9 

7/6 

7/13 

7/16 

2.4/0.7 
4.0/1.6 
2.6/1.5 

1.6/1.4 
3.1/2.2 
2.1/1.7 

0.9/0.7 
1.5/0.8 
2.3/1.4 

Average  (7/6  ■ 

■  7/16) 

3.0/1.2 

2.3/1.7 

2.3/1.0 

'CI  Offset  = 

:1.4mV. 
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Figure  3.  Experimental  determination  of  offset  potential  for  a  new  chloride 
electrode  using  data  obtained  after  rinsing  the  electrode  four  times  with  the  low 
calibrating  standard  and  then  once  with  the  serum  sample  being  analyzed. 

correction  is  related  to  the  rinsing  protocol  and  the  particular  electrode  used. 
When  the  1 .4  mV  offset  was  used  to  correct  chloride  electrode  data  acquired  on 
three  other  days,  7/6,  7/13,  and  7/16,  the  results  shown  in  Table  3  were  obtained. 
The  average  percent  error  and  standard  deviation  for  the  chloride  electrode  for 
those  three  days  is  seen  to  be  similar  to  the  results  obtained  from  the  6/25  data. 
The  data  shown  for  6/25  are  those  resulting  after  the  absolute  percent  error  and 
standard  deviation  were  minimized  in  the  process  of  determining  the  1 .4  mV 
offset  correction.  This  comparison  shows  that  similar  absolute  percent  errors  and 
standard  deviations  are  obtained  when  that  same  offset  correction  is  used  on 
subsequent  sample  sets  run  on  different  days. 

Table  4  shows  a  statistical  comparison  of  the  data  taken  with  the  portable 
analyzer  (shown  in  Table  3)  with  the  data  taken  with  the  automated  EasyLyte 


Table  4.  Comparison  of  absolute  percentage  error  (PE)  and  standard  deviations 
(SD)  obtained  from  32  serum  sample  analyses  using  the  EasyLyte  Plus  (ELP)  and 
the  prototype  portable  analyzer. 


ELP  ('93) 

PROTOTYPE 

PE/SD 

('93)^ 
PE/SD 

F 

t 

Na                               2.3/1.1 

3.0/1.2 

1.2 

2.4 

K                                 2.1/1.5 

2.3/1.7 

1.3 

0.5 

CI                                3.1/1.1 

1.4/1.0 

1.2 

-6.4 

N                                    32 

32 

Critical  Values:  F  =  1.79;  95% 

df= 

31/31 

t   =1.96;  95% 

df= 

62 

^  Using  intermediately  measured  potentials  in  calculations  and  a  chloride  offset  of  1 .4  mV. 
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Table  5.  Optimum  offsets  for  the  sodium  and  potassium  electrodes  determined 
after  each  of  three  sequential  runs  with  no  electrode  rinsing  between  runs  but 
using  our  rinses  with  the  low  calibrating  standard  prior  to  running  each  sequence. 


SERUM  (N  =  8) 

CONTROL  (N=10) 

Rl 

R2 

R3 

Rl 

R2 

R3 

SODIUM 

6/25 

-0.7 

-0.9 

-0.9 

-0.4 



7/6 

-0.7 

-0.8 

-0.8 

0.2 

-0.3 

-0.3 

7/13 

-0.9 

-1.1 

-1.0 

-0.3 

-0.5 

-0.8 

7/16 

-0.6 

-0.8 

-0.9 

-0.1 

-0.3 

-0.4 

POTASSIUM 

6/25 

-0.3 

-1.0 

-1.2 



-0.3 



7/6 

-0.4 

-0.9 

-0.9 

+0.4 

-0.3 

-0.4 

7/13 

-0.8 

-1.6 

-1.5 

+0.2 

-0.7 

-0.8 

7/16 

-0.3 

-0.9 

-0.9 

+0.6 

-0.1 

-0.2 

Plus  system  on  the  same  samples  on  the  same  days.  The  percent  errors  (PEs) 
shown  in  this  table  are  the  absolute  percent  errors  computed  using  ion 
concentration  values  from  an  EktaChem  700XR  (Marion  General  Hospital, 
Marion,  Indiana)  as  reference  values  for  the  electrolytes.  The  values  of  F  show 
that,  at  the  95%  confidence  level,  no  significant  difference  in  standard  deviations 
for  any  one  of  the  three  analytes  exists  between  the  two  instruments,  since  all  of 
the  values  are  less  than  the  critical  F  value  at  the  95%  confidence  level.  The 
values  of  t  show  that  the  automated  EasyLyte  Plus  instrument  was  significantly 
better  than  the  portable  at  the  95%  confidence  level  for  the  sodium  analyses,  that 
there  was  no  significant  difference  for  the  potassium  analyses,  and  that  there  was 
a  very  significant  difference  which  favored  the  portable  system  for  the  chloride 
analyses.  This  difference  arises  because  the  commercial  system  corrects  for  the 
chloride  offset  merely  by  subtracting  a  constant  amount  from  each  chloride  result 
rather  than  using  the  method  proposed  in  these  studies. 

Since  using  offsets  as  described  in  this  study  improves  the  chloride  electrode 
results  as  significantly  as  indicated  in  Table  4,  similar  offsets  were  determined 
for  the  sodium  and  potassium  electrodes.  The  results  of  these  determinations  are 
shown  in  Table  5.  Eight  different  analyzed  blood  serum  samples  were  used  for 
each  day  listed.  Looking  first  at  the  offsets  determined  for  the  sodium  analyses 
with  serum  samples,  one  notes  that  all  of  the  values  are  negative  (rather  than 
positive  as  with  the  chloride  electrode),  and,  in  general,  their  magnitudes  are 
significantly  smaller  than  the  chloride  offsets.  Theoretically,  the  sign  change  is 
expected,  since  cations  have  opposite  potentials  compared  to  anions,  and  the 
offsets  generated  change  accordingly.  Minimal  variation  between  days  and 
different  sets  of  blood  serum  samples  occurred.  Some  increase  of  offset  occurred 
after  successive  rinses  with  the  serum  sample.  This  increase  is  expected  from  the 
model  described  above,  which  pictures  the  electrode  surface  becoming  coated 
with  serum  from  previous  rinses  in  the  sequence.  This  trend  is  distinctly  present 
between  the  first  and  second  rinses.  Similar  results  are  observed  for  potassium 
offsets  with  the  striking  difference  that  the  magnitudes  of  the  offsets  for  the  first 
rinse  are  considerably  smaller  than  for  sodium  except  for  the  data  from  7/13. 
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Table  6.  Comparison  of  absolute  percent  errors  (PE)  and  standard  deviations 
(SD)  obtained  from  serum  analyses  using  the  EasyLyte  Plus  and  the  prototype 
protable  system  and  utilizing  intermediately  measured  potentials  as  well  as  offsets 
in  the  portable  system  calculations  for  all  three  electrodes. 


ELP  ('93)          PROTOTYPE  ('93) 

PE/SD                      PE/SD 

F 

t 

Na                               2.3/1.1                       1.8/1.1 

1.0 

-1.8 

K                                 2.1/1.5                      2.0/1.4 

1.1 

-0.3 

CI                                3.1/1.1                       1.4/1.0 

1.2 

-6.4 

N                                    32                             32 

Critical  Values:  F  =  1.79;  95%  4/"=  31/31 

t   =1.67;  95%^/=  62 

Offset  mV 

Na=  -0.7 

K  =  -0.3 

Cl=     1.4 

The  offsets  shown  in  the  Control  section  of  Table  5  for  the  sodium  ion  are,  in 
general,  considerably  smaller  than  the  corresponding  values  for  sodium  in  serum.  This 
suggests  that  the  controls  do  not  simulate  the  matrix  of  serum  as  well  as  might  be  desired 
and  that  the  offsets  should  be  determined  with  actual  blood  serum.  Controls  from  three 
different  suppliers  were  employed,  and  the  results  combined.  Three  of  the  controls 
used  were  based  on  lyophilized  human  blood  serum.  This  group  of  controls  was 
comprised  of  a  high  and  low  control  from  Instrumentation  Laboratories  (SeraChem  Red 
and  SeraChem  Blue)  and  an  abnormally  high  control  from  Sigma  Company.  A  second 
group  of  two  controls,  comprised  of  a  normal  and  an  abnormally  high  control,  was  supplied 
by  the  Medica  Corporation.  These  controls  were  bovine  based.  Each  ofthe  controls  was 
run  twice  to  provide  a  total  of  10  control  analyses  on  each  day. 

Using  the  offset  value  from  the  first  serum  rinse  on  6/25  for  both  sodium  (-0.7 
mV)  and  potassium  (-0.3  mV),  the  recalculated  results  for  the  sodium  and 
potassium  analyses  that  were  performed  on  7/6,  7/13,  and  7/16  were  compared 
to  those  determined  using  the  EasyLyte  Plus  system  (Table  6).  The  negative  t 
values  that  are  associated  with  the  portable  system  at  the  95%  confidence  level 
indicate  superior  performance  by  the  portable  system.  These  data  show  that  a 
significant  difference  favoring  the  portable  system  exists  for  the  sodium  analyses 
but  that  no  significant  difference  exists  between  systems  for  the  potassium 
analyses  (although  the  results  of  the  portable  system  were  improved  slightly  by 
the  use  of  the  offset).  A  significant  difference  favoring  the  portable  system  for 
the  chloride  analyses  also  existed,  as  would  be  expected,  since  the  same  offsets 
were  used  for  chloride  in  both  Tables  4  and  6. 

CONCLUSION 

The  results  of  this  study  demonstrate  that  an  appropriate  electrode-rinsing 
protocol  between  samples  can  improve  the  accuracy  obtained  using  ion-selective 
electrodes  in  a  portable  system.  Offset  potential  corrections  for  sodium, 
potassium,  and  chloride  ion-selective  electrodes  manufactured  by  the  Medica 
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Corporation  can  be  determined  experimentally  on  one  set  of  blood  serum  samples. 
These  results  can  then  be  used  to  significantly  improve  the  accuracy  of  subsequent 
blood  serum  electrolyte  measurements  in  a  prototype  portable  blood  electrolyte 
analyzer  under  laboratory  conditions. 
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ABSTRACT:  Potato  Creek  State  Park  is  one  of  Indiana's  most  visited  state  parks,  and 
white-tailed  deer  observation  is  one  of  its  attractions.  The  protected  deer  herd  has 
increased  dramatically  and  is  having  an  adverse  effect  on  some  plant  communities  within 
the  Park.  In  May  and  June  1993,  herbaceous  biomass  was  sampled  in  two  of  the  three 
deer  exclosure  plots  (paired  fenced  and  unfenced)  in  the  Park.  In  the  forested  habitat, 
Claytonia  virginica  and  Acer  saccharum  showed  the  greatest  negative  impact  by 
browsing.  The  mean  dry  weight  biomass  inside  the  exclosure  was  2.67  times  greater 
than  outside  the  exclosure  (/?  <  0.01).  A  percent  cover  study  using  similar  procedures  in 
the  spring  of  1994  supported  the  same  conclusions.  The  meadow  site  (Summer's  Pond), 
which  is  dominated  by  grasses  and  goldenrod,  did  not  show  significant  biomass 
differences  between  the  fenced  and  unfenced  plots. 

KEYWORDS:  Biomass,  deer  foraging,  forests,  Odocoileus  virginianus,  park  management, 
plant  cover,  white-tailed  deer. 

INTRODUCTION 

Potato  Creek  State  Park  is  located  in  southern  St.  Joseph  County,  four  miles 
east  of  North  Liberty,  Indiana.  The  park  covers  six  square  miles  (1,555  ha),  and 
its  topography  "is  characterized  by  low  ridges  and  swales  with  undulating  to 
rolling  relief,  although  rugged  hills  do  occur"  (Indiana  Division  of  State  Parks, 
1976).  Prior  to  the  park's  development  in  the  mid-1970s,  the  land  was  used 
primarily  for  agriculture  and  livestock  grazing,  although  several  wood  lots 
existed.  Development  of  the  park's  facilities  and  natural  succession  have  changed 
the  park's  landscape  to  a  mixture  of  mowed  areas,  old  fields,  wetlands,  thickets,  and 
forests  —  prime  habitat  for  white-tailed  deer  {Odocoileus  virginianus). 

Indiana  state  parks  serve  a  variety  of  recreational  needs  and  "preserve 
outstanding  examples  of  Indiana's  natural,  historic,  and  scenic  heritage"  (Indiana 
Division  of  State  Parks,  1983).  Potato  Creek  State  Park  is  one  of  the  most  visited 
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Indiana  State  Parks.  Wildlife  viewing,  particularly  white-tailed  deer  observation, 
draws  many  visitors  to  Potato  Creek  State  Park.  With  the  absence  of  the 
white-tailed  deer's  natural  predators,  the  gray  and  red  wolf  {Canis  lupus  and  C. 
rufus)  as  well  as  the  mountain  lion  (Felis  concolor),  and  the  prohibition  of  hunting 
in  Potato  Creek  State  Park,  the  deer  population  has  increased  virtually  unchecked. 

Increasingly,  ecologists,  foresters,  and  botanists  are  detailing  the  need  to 
protect  economically  valuable  and  sensitive  plant  communities  from  browsing 
by  high  densities  of  white-tailed  deer  (Girard,  et  ai,  1993;  Jones,  et  al,  1993; 
Miller,  etal,  1992;  Strole  and  Anderson,  1992).  In  addition.  Porter  (1991)  noted 
that  "Browsers  and  grazers  are  selective  in  their  diet.  The  degree  of  selectivity 
varies,  but  the  point  is  that  not  all  that  is  green  is  equally  preferred."  As  a  result, 
high  deer  densities  are  changing  the  composition  of  plant  communities. 

In  1990,  park  personnel  established  deer  exclusion  plots  (paired  fenced  and 
unfenced)  in  three  different  habitats  within  the  park:  a  forested  area  (Swamp 
Rose)  in  the  northeast  section  of  the  park,  a  meadow  area  (Summer's  Pond)  near 
State  Route  4,  and  a  secondary  succession  site  (Pear  Road)  in  the  northwestern 
sector.  The  Swamp  Rose  site  is  located  in  a  second  growth  beech-maple  forest 
adjacent  to  the  Swamp  Rose  Nature  Preserve.  The  canopy  is  dominated  by  sugar 
maple  {Acer  saccharum)  with  spicebush  {Lindera  benzoin)  as  the  dominant  shrub. 
Canopy  trees  range  to  36  cm  dbh,  and  the  herbaceous  layer  has  a  typical  vernal 
flora.  The  Summer's  Pond  site  is  dominated  by  meadow  fescue  (Festuca  elatior) 
and  tall  goldenrod  (Solidago  altissima).  A  few  multiflora  rose  (Rosa  multiflora) 
and  two  trees,  the  largest  a  7  cm  dbh  box  elder  {Acer  negundo),  are  in  or  adjacent 
to  the  site.  Tree  seedlings  were  planted  in  the  area  of  Summer's  Pond  in  1989 
(D.  Clute,  pers.  comm.).  The  Pear  Road  site  consists  of  a  dense  sugar  maple  {Acer 
saccharum)  sapling  thicket,  covering  about  50%  of  the  plot  with  stems  measuring 
from  1 .0  to  7.0  cm  dbh.  A  great  variety  of  alien  and  native  old  field  species  cover 
the  remainder.  This  last  site  was  not  included  in  our  study  due  to  the  considerable 
diversity  within  and  between  fenced  and  unfenced  plots. 

In  1991,  park  personnel  begin  a  monitoring  program,  consisting  of 
herbaceous  cover  studies  (three,  permanently  marked,  0.9  m^,  subplots  in  each 
plot)  and  photographic  documentation,  to  record  seasonal  and  yearly  changes  at 
these  three  sites  (Cordell,  1992).  When  data  from  cover  studies  for  the  first  three 
years  were  examined,  they  failed  to  show  any  statistically  significant  differences 
between  subplots  inside  and  outside  the  deer  exclosure,  although  differences  were 
obvious  to  the  casual  observer  at  the  Swamp  Rose  site  (Cordell,  1992).  Two 
conclusions  were  obvious  from  these  observations  and  the  data:  1)  the  data  were 
highly  variable,  and  2)  the  present  design  was  not  fulfilling  the  initial  monitoring 
objective  of  recording  change.  Consequently,  the  present  study  was  designed  to 
provide  a  revised  monitoring  method.  A  biomass  study  was  conducted  in  1993 
and  a  revised  cover  study  in  spring  of  1994. 

The  Swamp  Rose  and  Summer' s  Pond  sites  were  chosen  for  the  1 993  biomass 
sampling  because  1)  the  exclosure  plots  were  already  established,  2)  one  site  had 
visually  observable  differences  and  the  other  did  not,  3)  their  fenced  and  unfenced 
plots  had  a  similar  flora,  and  4)  they  were  contrasting  habitats.  Since  biomass 
sampling  is  destructive  and  cannot  be  used  annually,  the  authors  decided  to  try  a 
revised  cover  study  at  the  Swamp  Rose  site  in  1994.  The  Swamp  Rose  site  was 
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selected  for  the  expanded  percent  cover  study,  since  it  showed  statistical 
differences  in  the  biomass  sampling  of  1993.  The  authors  hoped  to  determine  if 
the  revised  cover  study  would  detect  the  differences  seen  in  the  1993  study. 

MATERIALS  AND  METHODS 

Three  deer  exclusion  sites  were  established  at  Potato  Creek  State  Park  in  1990 
by  erecting  a  2.4  m  high  woven  wire  fence  around  one  plot  approximately  12  m 
square  at  each  site.  The  fences  effectively  prevented  deer  and  other  large  grazers 
from  browsing  the  vegetation  within  the  enclosure  but  did  not  prevent  the  entry 
of  smaller  grazers,  such  as  eastern  cottontail  (Sylvilagus  floridanus)  and 
woodchuck  (Marmota  monax).  A  second,  unfenced,  plot  the  same  size  as  the 
fenced  plot  was  located  about  2  m  to  the  west  or  east  of  each  exclusion  plot  and 
was  open  to  browsing  by  all  animals. 

The  fenced  plots  were  not  perfectly  square,  so  a  smaller  (10  m  x  10  m)  study 
plot  was  marked  off  within  both  the  fenced  and  unfenced  areas.  For  the  biomass 
study  in  1993,  the  study  plots  were  subdivided  into  columns  (15  cm  wide)  and 
rows  (30  cm  wide).  Ten  sample  rectangles  within  each  study  area  were  randomly 
selected.  Three  permanent  cover  study  subplots  and  a  30  cm  buffer  zone  were 
excluded  from  the  biomass  study  to  preserve  these  plots  for  continuing  the  studies 
began  in  1991.  Sample  plot  number  sequence  was  determined  by  a  random 
drawing,  but  sampling  took  place  from  east  to  west  to  reduce  trampling  impact 
on  the  sample  area. 

The  study  plots  were  clipped  at  ground  level,  after  a  15  cm  by  30  cm 
aluminum  frame  was  placed  over  the  sample  plot.  Woody  plants  one  year  or 
older  were  not  harvested.  The  plant  samples  were  immediately  placed  into 
plastic  bags  and  sealed  for  return  to  the  laboratory.  Total  fresh  weight  and 
species  fresh  weight  per  sample  were  determined  in  the  laboratory  using  an 
electronic  balance  (0.01  g  accuracy).  Since  the  drying  oven  was  too  small  to 
keep  material  separated  by  species,  the  plant  material  from  a  single  study  plot 
was  recombined  for  oven  drying.  The  plant  samples  were  cut  into  smaller 
pieces  (3  cm),  placed  in  screen  drying  trays,  and  placed  in  the  oven  for  48 
hours  at  100  ^C.  After  cooling  for  10  minutes  in  desiccators,  the  dried  samples 
were  weighed. 

In  the  spring  of  1994,  percent  cover  values  were  determined  for  ten  random 
study  plots  at  the  Swamp  Rose  site  using  the  10  m  x  10  m  plots  and  sample 
locating  procedures  of  the  biomass  study  of  the  previous  spring  but  with  larger 
row  (50  cm)  and  column  (20  cm)  widths.  An  aluminum  sampling  frame  (20 
cm  X  50  cm)  was  placed  over  each  study  plot,  and  the  percent  cover  was 
estimated  for  each  species  rooted  within  the  frame.  The  edges  of  frame  were 
marked  at  10  cm  intervals  to  aid  in  cover  estimation  (each  10  cm  block  defined 
10  percent  of  frame  area). 

Statistical  analyses  were  performed  with  SigmaStat  1.01  and  Quattro  Pro  5.0. 
Data  from  fenced  and  unfenced  sites  were  compared  using  a  two-sample  r-test  or 
a  Mann- Whitney  test,  if  normality  or  equal  variance  tests  failed.  Probability 
values  ip)  quoted  in  the  text  are  the  probability  that  the  null  hypothesis  was  true. 
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Table  1 .  Herbaceous  biomass  in  Potato  Creek  State  Park  deer  exclosure  study 
sites  in  meadow  and  forest  habitats. 


Biomass 

Dry  Weight  {gl 

'm^) 

Inside  Fenced  Area 

Outside  Fenced  Area 

Plot  Number 

Summer's  Pond 

Swamp  Rose 

Summer's  Pond 

Swamp  Rose 

1 

281.2 

12.56 

656.9 

0.31 

2 

324.6 

20.33 

1164.7 

8.00 

3 

337.5 

25.78 

437.6 

9.22 

4 

6394 

6.67 

383.8 

0.09 

5 

288.5 

13.56 

288.5 

5.78 

6 

409.6 

21.33 

230.1 

24.22 

7 

573.8 

19.33 

332.9 

10.33 

8 

615.5 

28.44 

275.0 

0.36 

9 

379.8 

18.44 

685.6 

7.33 

10 

188.2 

34.00 

264.7 

9.33 

Average 

403.8 

20.04 

472.0 

7.50 

Standard  Deviation 

154.7 

8.03 

291.0 

7.11 

RESULTS  AND  DISCUSSION 

Biomass  data  collected  at  Summer's  Pond  on  1  June  1993  and  at  Swamp  Rose 
on  12  May  1993  are  presented  in  Table  1.  The  data  from  the  Swamp  Rose 
exclosure  site  clearly  reveal  that  deer  are  having  an  impact  on  the  herbaceous 
communities.  The  mean  biomass  of  all  samples  from  inside  the  exclosure  is  2.67 
times  greater  than  from  outside  the  exclosure  and  is  highly  significant  (p  =  0.002). 
The  means  at  Summer's  Pond  are  not  significantly  different  (p  =  0.521),  but  the 
biomass  was  greater  outside  than  inside  the  exclosure.  The  biomass  data  appear 
to  be  a  more  sensitive  indicator  of  grazing  impact  than  the  results  of  the  previous 
studies,  which  used  three  subplots  and  percent  cover  data  (Cordell,  1992).  The 
revised  cover  study  at  the  Swamp  Rose  site  in  1994  did  show  significant 
differences  (Table  2)  using  the  same  number  of  plots  as  the  biomass  study. 
However,  various  combinations  of  the  three  sample  plots  from  the  cover  study 
did  not  show  significant  differences. 

Fresh  weight  biomass  and  cover  values  for  the  ten  most  prevalent  species 
growing  inside  and  outside  the  exclosure  at  Swamp  Rose  are  presented  in  Table 
3.  Maple  (Acer  sp.)  had  3.86  times  more  biomass  inside  the  exclosure.  Strole 
and  Anderson  (1992)  noted  that  Acer,  although  not  a  preferred  browse  species, 
made  up  a  relatively  large  proportion  of  the  browse  diet  because  of  its  high 
abundance.  The  deer  at  Potato  Creek  State  Park  may  be  using  less  preferred 
species  due  to  the  high  deer  density.  Porter  (1991)  noted  that  deer  populations 
will  have  the  greatest  effect  on  vegetation,  when  their  populations  are  above  the 
carrying  capacity  of  the  habitat. 

The  deer  population  has  increased  considerably  over  the  last  decade  in  Potato 
Creek  State  Park,  from  77  total  deer  in  the  park  (5  per  sq  km)  in  1981  (R.  Grimes, 
pers.  comm.)  to  counts  of  95.7,  79.5,  96.9,  and  83.6  per  sq.  km  (248,  206,  251, 
and  214  per  square  mile)  in  1991,  '92,  '93,  and  '94,  respectively.  The  recent 
counts  were  made  using  volunteers  and  park  staff  to  observe  three  sides  of  a  square 
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Table  2.  Percent  cover  data  for  ten  samples  from  fenced  and  unfenced  plots  at 
the  Swamp  Rose  site  in  Potato  Creek  State  Park,  St.  Joseph  County,  Indiana. 


Percent  Cover 

Plot  Number 

Fenced  Plot 

Unfenced  Plot 

1 

36 

23 

2 

124 

9 

3 

73 

22 

4 

83 

14 

5 

99 

4 

6 

97 

70 

7 

87 

50 

8 

112 

42 

9 

74 

7 

10 

80 

34 

Median 

85 

22.5 

Mean 

86.5 

27.5 

Standard  Error 

7.6 

6.8 

mile  of  park  land  while  a  line  of  people  walking  from  the  fourth  side  flushed  the 
deer  (Jones,  1993;  unpub.  park  records).  Jones,  et  al  (1993)  note  that  deer 
densities  in  excess  of  7.7  per  sq  km  (20  per  square  mile)  appear  to  decrease  species 
richness,  species  abundance,  and  species  composition.  The  Potato  Creek  deer 
herd  is  more  than  ten  times  greater  than  this  limit. 

Spring  beauty  (Claytonia  virginica)  had  the  greatest  biomass  and  percent 
cover  differences  between  the  fenced  and  unfenced  plots  (Table  3)  but  failed  the 
Mann-Whitney  test  for  significance  at  the  10%  level.  Cordell  (1992)  noted  that 
spring  beauty  stops  at  the  fence  line  of  the  exclosure,  suggesting  that  deer  are 
successfully  utilizing  and  removing  spring  beauty  from  outside  the  exclosure 
area.  Spring  beauty  is  one  of  the  first  species  to  provide  new  green  foliage  in  the 


Table  3.  Biomass  and  percent  cover  for  ten  common  species  in  the  Swamp  Rose 
deer  exclusion  site  in  Potato  Creek  State  Park. 




Biomass  (fresh 

weight),  1993 

Percent  Cover,  1994 

Inside  Fence 

Outside  Fence 

Inside  Fence 

Outside  Fence 

Freq. 

Ave.Wt 

Freq.      Ave.WL 

Freq. 

Ave.  Cover 

Freq.       A 

\'t.  Cover 

Species 

(%) 

(g/m-) 

(%)        {gin?) 

{%) 

(%) 

(%) 

(^r) 

Acer  Saccharum 

80 

27.4 

20            7.1 

40 

2.3 

30 

0.9 

Claytonia  virginica 

80 

60.8 

10            1.2 

100 

13.0 

50 

0.9 

Dentaria  laciniata 

40 

3.1 

10            3.1 

40 

3.7 

50 

1.9 

Dicentra  canadensis 

100 

15.9 

70 

5.5 

Dicentra  cucullaria 

60 

12.6 

50 

6.0 

Dicentra  sp. 

90 

26.7 

60          13.2 

Erigenia  bulbosa 

40 

13.6 

40          13.0 

70 

7.8 

50 

2.6 

Erythronium 

americanum 

30 

5.9 

20            1.6 

50 

5.4 

50 

1.1 

Viola  canadensis 

0 

0 

20 

2.0 

Viola  pensylvanica 

60 

6.9 

0 

0 

Viola  sororia 

30 

1.9 

0 

0 

Viola  sp. 

60 

32.4 

50          13.00 

20 

0.2 

50 

2.3 

40  Ecology:  V.  Riemenschneider,  et  al.         Vol.  104  (1995) 


spring.  If  the  deer  herd  is  above  its  carrying  capacity  and  is  starving  from  an 
insufficient  winter  diet  of  woody  twigs,  the  herd  would  find  the  early  foliage  and 
flowers  of  spring  beauty  very  appealing.  Continued  grazing  at  present  levels 
could  eliminate  spring  beauty  from  the  herbaceous  layer.  Kelly  and  Anderson 
(1993)  found  a  significant  reduction  in  both  biomass  and  reproductive  units  of 
spring  beauty  in  an  Illinois  forest.  However,  spring  beauty  is  not  the  only  plant 
to  grow  in  the  spring,  and  the  impact  on  other  species  is  variable.  Percent  cover 
values  for  Dicentra  sp.  and  pepper-and-salt  (Erigenia  bulbosa)  showed  large 
differences  between  the  fenced  and  unfenced  sites  (Table  3)  but  were  not 
significantly  different  (10%  level,  Mann- Whitney).  In  addition,  cutleaf 
toothwort  (Dentaria  laciniata)  showed  no  difference  in  biomass  in  1993  but 
showed  slight  differences  in  cover  the  following  spring. 

Violets  {Viola  spp.)  had  the  second  highest  biomass  inside  the  exclosure,  but 
outside  the  exclosure,  they  ranked  third  and  had  approximately  one  third  the 
biomass  and  a  similar  frequency  (Table  3).  Both  maple  and  spring  beauty  had 
considerably  lower  frequencies  outside  the  fence.  These  data  indicate  differences 
in  deer  browse  pressures  on  the  various  herbaceous  species,  but  our  sample  size 
was  too  small  to  distinguish  a  hierarchy  of  species  preferences  by  the  deer. 

Summer's  Pond  is  dominated  by  grasses  and  tall  goldenrod,  and  no  significant 
difference  existed  between  biomass  values  for  plots  inside  and  outside  the 
exclosure.  McCaffery,  et  al  (1974)  state  that  graminoids  and  evergreen  ground 
cover  are  the  most  important  deer  browse  in  northern  Wisconsin  during  spring 
and  are  second  in  summer.  Sotala  and  Kirkpatrick  (1973)  examined  the  rumen 
contents  of  deer  in  southern  Indiana,  and  their  data  showed  that  grass  was 
important  in  the  spring  and  winter,  and  goldenrod  was  utilized  in  the  spring  and 
summer.  Our  biomass  data  indicate  no  deer  damage  to  the  graminoids  at  this  site. 
The  only  difference  between  plots  inside  versus  outside  the  fence  was  the  larger 
amount  of  goldenrod  inside.  Goldenrod  is  a  colonial  species,  and  large  colonies 
do  occur  outside  the  fence  but  not  in  the  sample  area. 

CONCLUSIONS 

The  forested  habitat.  Swamp  Rose,  showed  significant  impact  of  deer  browse 
on  the  vernal  flora.  Ten  small  biomass  samples  showed  significant  differences 
in  biomass  between  plots  outside  a  deer  exclusion  fence  and  plots  inside  the  fence. 
Acer  sp.  and  Claytonia  virginica  showed  the  greatest  impact  with  Viola  sp.  and 
Dicentra  sp.  showing  some  impact.  Ten  samples  are  not  sufficient  to  determine 
deer  browse  species  preferences  based  on  biomass  or  cover  differences  inside  and 
outside  the  fenced  area.  Biomass  is  a  more  sensitive  indicator  of  grazing  impacts, 
and  ten  cover  samples  are  sufficient  to  monitor  changes  in  major  species' 
abundance  and  composition. 

The  old  field  site,  Summer's  Pond,  which  is  dominated  by  grasses,  failed  to 
show  any  significant  differences  between  the  fenced  and  unfenced  study  plots. 

If  a  goal  of  the  Park  is  to  "preserve  outstanding  examples  of  Indiana's  natural, 
historic,  and  scenic  heritage,"  then  special  attention  must  be  placed  on  identification 
and  continued  monitoring  of  the  impacted  plant  species  within  the  Park.  Jones, 
et  al.  (1993)  showed  that  songbirds  and  forest  regeneration  are  greatly  affected 
at  deer  densities  much  lower  than  the  present  one  at  Potato  Creek.  Potato  Creek 
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State  Park  and  adjacent  areas  possess  ideal  deer  habitat  capable  of  producing  large 
deer  populations  which  may  lead  to  the  eventual  loss  of  many  wildflower  species 
and  song  birds.  The  Park's  native  biota  should  be  monitored  closely  in  the  coming 
years  so  that  proper  management  strategies  can  be  developed  to  maintain  its 
biodiversity.  Monitoring  of  the  herbaceous  layer  can  be  done  with  properly 
designed  cover  studies  that  are  less  destructive  than  biomass  studies. 
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Abstract:  Investigation  of  a  wetland  in  Section  26  of  Washington  Township,  Elkhart 
County,  Indiana,  revealed  a  significant  peat  deposit.  The  interstitial  waters  of  the  peat 
were  alkaline,  high  in  pH,  and  slightly  lotic.  Analysis  of  the  sub-fossils  extracted  from 
the  peat  yielded  remains  of  Picea  mariana,  P.  glauca,  Nuphar  sp.,  Najas  sp.,  and 
Drepanocladus  sp.  Nine  species  of  gastropod  and  two  species  of  bivalve  were  also 
recovered:  Amnicola  limosa,  A.  lustrica,  Gyraulus  parvus,  Helisoma  antrosa,  Lymnaea 
palustris,  L.  stagnalis,  Planorbis  campanulatus,  Valvata  sincera,  V.  tricarinata,  Pisidium 
sp.,  and  Sphaerium  sp.  Radiocarbon  dating  placed  the  oldest  Picea  sub-fossils  at 
approximately  1 1 ,500  C- 14  years  BP.  Peat  stratigraphy  suggests  that  the  basin  may  have 
been  a  palustrine  flood-plain  associated  with  an  historic  stretch  of  the  Little  Elkhart  River. 
Aerial  photographs  indicate  that  the  surface  of  the  peatland  is  patterned. 

KEYWORDS:  Drepanocladus,  fen,  macrofossil,  Mollusca,  paieoecology,  peatland,  and 
Picea. 

INTRODUCTION 

Studies  of  Indiana  peatlands  are  few.  Many  of  the  existing  ecological 
investigations  relate  to  acid  or  circumneutral  peatlands  (e.g.,  Potzger,  1934;  Hull, 
1937;  Wilcox,  1982;  Wilcox,  etal,  1986;  Wilcox  and  Simonin,  1988)  as  opposed 
to  alkaline  deposits.  Although  many  pollen  analyses  (e.g.,  Potzger,  1942; 
Engelhardt,  1959;  Bryant  and  Halloway,  1985)  and  a  few  stratigraphic  studies 
(e.g.,  Wilcox,  etal,  1986;  Wilcox  and  Simonin,  1988)  exist,  little  or  no  reference 
is  made  to  the  organic  sub-fossils  embedded  in  Indiana's  peat  deposits.  An 
alkaline  peatland  (fen)  occurring  in  the  northeast  quarter  of  Section  26, 
Washington  Township,  Elkhart  County,  Indiana,  is  described  in  this  paper.  The 
peatland  is  recorded  in  the  Indiana  Natural  Heritage  Database  as  Bristol  Fen. 
Substantial  organic  sub-fossils  characterize  the  peat.  These  remains  and  their 
relationship  to  the  development  of  the  peadand  are  also  discussed. 

MATERIALS  AND  METHODS 

Three  15-cm  diameter  columns  of  peat  were  excavated  to  a  depth  of  140  cm 
in  Bristol  Fen.  Blocks  of  peat  from  each  depth  interval  (15  cm)  were  rinsed  on 
a  screen  (1  mm  mesh)  with  water,  and  the  remaining  contents  were  placed  into 
plastic  bags  for  sorting.  Rinsed  samples  were  sorted  by  hand,  and  organic 
sub-fossils  were  preserved  in  formalyn.  Voucher  specimens  of  the  macrofossils 
are  held  by  the  author. 

Current  address:  Department  of  Forestry  and  Natural  Resources,  Purdue  University,  West  Lafayette, 
Indiana  47907-1 159. 
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Two  fossil  Picea  mariana  cones  from  the  140  cm  depth  (earliest  peat-forming 
stratum)  were  radiocarbon  dated  by  Krueger  Enterprises  in  Cambridge, 
Massachusetts.  The  samples  were  cleaned  of  dirt  and  other  foreign  material  and 
then  split  into  small  pieces.  Next,  they  were  treated  with  hot,  dilute  HCl  to  remove 
any  carbonates  and  with  hot,  dilute  NaOH  to  remove  humic  acids  and  other 
organic  contaminants.  After  washing  and  drying,  the  samples  were  combusted 
to  recover  carbon  dioxide  for  the  analysis. 

RESULTS  AND  DISCUSSION 

Cores  from  Bristol  Fen  reveal  three  distinct  strata:  a  marl  layer,  a  peat  layer,  and 
a  humified  layer.  The  oldest  sediments,  between  1 .5  and  3  m  below  the  surface,  are 
composed  almost  entirely  of  marl  and  do  not  represent  peat-forming  conditions. 
Aquatic  gastropod  shells  and  organic  plant  remains,  including  alkaliphilic  aquatic 
mosses,  are  present,  but  they  are  uncommon  constituents  of  the  marl. 

Immediately  superseding  the  marl  is  a  dense,  thin  layer  of  Drepanocladus  sp. 
This  alkaliphilic  moss  marks  the  beginning  of  the  peat  layer,  which  extends 
upwards  to  within  50  cm  of  the  surface.  The  material  above  the  peat  layer  is 
humified.  Both  the  marl  layer  and  the  peat  layer  react  moderately  with  acid, 
suggesting  an  alkaline  environment  throughout  the  history  of  the  peatland. 
Abundant  preserved  remains  of  mosses,  conifers,  aquatic  plants,  insects, 
crustaceans,  and  mollusks  characterize  only  the  peat  layer. 

The  peat  layer,  which  occurs  between  50  and  150  cm  from  the  surface  of  the 
wetland,  contains  the  most  diverse  and  well-preserved  sub-fossils.  Picea 
mariana  (black  spruce)  and  P.  glauca  (white  spruce)  are  represented  by  twigs, 
leaves,  seeds,  and  cones.  These  remains  occur  at  the  marl/peat  interface  and 
extend  to  within  75  cm  of  the  surface.  Radiocarbon  dating  of  black  spruce  cones 
taken  from  a  depth  of  140  cm  placed  their  age  at  1 1,460  ±  450  C-14  years  BP. 
The  habitats  of  black  and  white  spruce  differ.  Black  spruce  is  common  in  poorly 
drained  wedands,  whereas  white  spruce  is  more  common  on  well-drained  upland 
soils.  The  fossil  presence  of  both  species  in  Bristol  Fen  suggests  that  two  distinct 
habitats  occurred  near  the  collection  site.  White  spruce  may  have  dominated  the 
upland  periphery  of  the  wetland,  while  black  spruce  grew  on  peat  deposits  within 
the  wetland  basin.  Charred  remains  of  wood,  present  throughout  the  peat  layer, 
suggest  occassional  disturbance  of  the  ecosystem  by  fire. 

In  addition  to  spruce,  other  sub-fossils  also  occur.  The  most  abundant  is  an 
achene  of  Najas  sp.,  a  submergent  aquatic  plant.  This  achene  is  found  throughout 
the  marl  and  peat  layers.  Nuphar  sp.,  represented  by  tubers  and  seeds,  is  also 
common.  Animals  in  the  marl  and  peat  layers  are  represented  by  the  spicules  of  a 
freshwater  sponge  {Heteromeyenia  sp.),  coleopteran  elytra,  microcrustacean 
appendages,  and  the  shells  of  aquatic  mollusks.  The  mollusk  fauna  includes  nine 
species  of  gastropod  (Amnicola  limosa,  A.  lustrica,  Gyraulus  parvus,  Helisoma 
antrosa,  Lymnaea  palustris,  L.  stagnalis,  Planorbis  campanulatus,  Valvata  sincera, 
and  V.  tricarinata)  and  two  species  of  bivalve  (Pisidium  sp.  and  Sphaerium  sp.). 

The  species  composition  of  Bristol  Fen,  along  with  the  depth  and  nature  of 
the  sediments,  suggests  a  palustrine  system,  which  was  relatively  permanent  (as 
opposed  to  ephemeral).  Current  contour  maps,  as  well  as  aerial  photographs 
taken  in  1991,  suggest  that  the  wetland  was  once  in  close  association  with  the 
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Little  Elkhart  River.  The  apparent  presence  of  an  old  channel  suggests  that  Bristol 
Fen  may  have  developed  on  the  flood-plain  of  an  historic  stretch  of  the  river.  A 
change  in  the  course  of  the  river  probably  isolated  the  wetland  from  the  lotic 
system.  Stagnation  could  have  reduced  oxygen  levels  sufficiently  to  bring  about 
the  peat-forming  conditions  represented  by  the  preserved  organic  remains. 

Today,  the  fen  is  dominated  by  sedges,  a  grass  (Panicum  clandestinum),  and 
shrubs  (Comus  stolonifera  and  Physocarpus  opulifolius)  as  well  as  several  typical 
peadand  species.  The  Indiana  Department  of  Natural  Resources,  Natural  Heritage 
Database  reports  the  occurrence  of  Andromeda  glaucophylla,  Tofieldia  glutinosa, 
and  Menyanthes  trifoliata.  The  peadand  is  alkaline  with  an  average  pH  of  8.0.  The 
surface  of  the  peatland  slopes  gently  south,  and  run-off  from  morainal  uplands 
induces  the  slow  movement  of  water  through  the  surface  sediments.  An 
inconspicuous  pattern  has  developed  on  the  surface  of  the  peadand.  Unlike  the 
patterned  peadands  of  the  North,  where  strings  and  flarks  are  formed  perpendicular 
to  surface  flow,  the  many  inconspicuous  troughs  and  hummocks  seen  in  airphotos 
of  Bristol  Fen  are  apparendy  parallel  to  the  direction  of  water  flow. 

CONCLUSIONS 

Analysis  of  the  organic  sub-fossils  facilitates  the  reconstruction  of  post-glacial 
plant  communities  formed  in  situ.  This  information  not  only  supplements  pollen 
studies  (which  often  reveal  more  information  about  terrestrial  plant  communities 
than  the  aquatic  systems  in  which  the  pollen  is  found),  but  it  also  contributes  to  the 
understanding  of  paleoclimates,  peatland  formation,  and  ecological  succession. 
Since  Indiana's  peatlands  have  been  exposed  from  glaciation  longer  than  many  of 
the  more  well-known  bogs  of  the  North,  a  better  understanding  of  peadand 
senescence  may  be  obtained  from  studying  Indiana's  peadands. 

Hopefully,  further  macrofossil  studies  of  Indiana's  peatlands,  including  more 
detailed  analyses  of  the  unique  deposit  provided  by  Bristol  Fen,  will  be 
undertaken  in  the  future.  Studies  of  the  hydrology  and  stratigraphy  of  Bristol 
Fen,  including  more  detailed  chronological  studies  of  the  macrofossils  and 
microfossils,  would  be  interesting  additions  to  our  knowledge  of  Indiana's 
relatively  few  remaining  peatlands. 
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EXTRA-LIMIT  AL  BREEDING 

POPULATIONS  OF  THE 
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ABSTRACT:  Studies  of  neotropical  migrant  bird  communities  in  south-central  Indiana 
have  revealed  breeding  populations  of  chestnut-sided  warblers  (Dendroica  pensylvanica) 
200  km  south  of  the  range  reported  by  Mumford  and  Keller  (1984).  These  populations 
occur  in  young  clearcuts  in  both  Hoosier  National  Forest  and  state  forests  that  are 
characterized  by  high  densities  of  small  woody  stems  and  low  canopy  height.  The  species 
is  not  present  in  older  timber  cuts  (10  to  21  years  post-cutting).  As  chesmut-sided 
warblers  have  also  been  reported  recently  from  clearcuts  in  the  Shawnee  National  Forest 
in  southern  Illinois  and  occur  in  the  vicinity  of  the  Wayne  National  Forest  in  southeastern 
Ohio,  recent  forest  management  practices  have  probably  led  to  the  establishment  of  these 
localized  populations  in  the  lower  Midwest. 

KEYWORDS:  Chestnut-sided  warbler,  Dendroica  pensylvanica,  extra-limital 
populations,  forest  management,  range  extensions. 

INTRODUCTION 

In  the  summer  of  1985,  territorial  male  chestnut-sided  warblers  {Dendroica 
pensylvanica)  were  discovered  in  three  young  clearcuts  in  the  Pleasant  Run  Unit  of 
Hoosier  National  Forest.  These  records  were  of  great  interest,  as  Mumford  and  Keller 
(1984)  indicate  that  the  southern  limit  of  the  breeding  range  in  Indiana  lies  in  the 
northern  portion  of  the  State.  As  chestnut-sided  warblers  (CSWA)  were  again  found 
in  young  clearcuts  in  the  summer  of  1986,  the  authors  decided  to  study  the  species 
more  carefully,  determine  the  breeding  status  of  these  extra-limital  populations,  and 
gather  more  data  on  the  species'  distribution  within  the  Midwest. 

The  status  of  the  chestnut-sided  warbler  in  Indiana  is  re-evaluated  in  this 
paper  based  on  data  from  Breeding  Bird  Survey  routes  (BBS),  Indiana  Audubon 
Society  Summer  Bird  Counts  (SBC),  and  the  Indiana  Breeding  Bird  Atlas  project 
(BBA)  as  well  as  on  our  own  field  work. 

HISTORICAL  CHANGES  IN  THE  STATUS 
OF  THE  CHESTNUT-SIDED  WARBLER 

Mumford  and  Keller  (1984)  indicate  confirmed  nesting  for  the  species  in 
Allen,  Lagrange,  Marshall,  Newton,  and  Porter  Counties  in  northern  Indiana,  with 
a  sporadic  occurrence  of  singing  males  south  to  the  latitude  of  Montgomery, 
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Figure  1.  Distribution  of  the  chestnut-sided  warbler  in  Indiana.  Symbols  indicate 
data  sets  from  which  observations  were  derived.  Filled-in  symbols  indicate 
breeding  confirmations.  Two  letter  symbols  indicate  counties  (AL  =  Allen;  BO 
=  Boone;  BR  =  Brown;  CF  =  Crawford;  DV  =  Davies;  DK  =  Dekalb;  DW  = 
Delaware;  FY  =  Fayette;  FR  =  Franklin;  FT  =  Fulton;  HT  =  Huntington;  JK  = 
Jackson;  JS  =  Jasper;  JN  =  Johnson;  KC  =  Kosciusko;  LG  =  LaGrange;  LP  = 
LaPorte;  LW  =  Lawrence;  MR  =  Marion;  MS  =  Marshall;  MT  =  Martin;  MN  = 
Monroe;  MG  =  Montgomery;  NW  =  Newton;  OR  =  Orange;  OW  =  Owen;  PE  = 
Perry;  PT  =  Porter;  PK  =  Pulaski;  SJ  =  Saint  Joseph;  SP  =  Spencer;  SK  =  Starke; 
SB  =  Steuben;  WY  =  Wayne;  and  WH  =  Whitley). 
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Marion,  and  Wayne  Counties  (Figure  1).  They  also  mention  the  occurrence  of  a 
single  singing  male  in  Spencer  County  in  the  southwestern  corner  of  the  State  on 
18  June  1980. 

A  similar  pattern  is  evident  for  both  Ohio  and  Illinois,  where  breeding  appears 
to  be  restricted  largely  to  the  northern  portions  of  these  States,  but  with  scattered 
individuals  noted  south  of  those  areas  (Peterjohn,  1989;Bohlen,  1989).  Peterjohn 
( 1989)  suggested  that  the  chestnut-sided  warbler  population  in  Ohio  has  expanded 
slowly  in  recent  years  resulting  in  a  small  breeding  population  in  Hocking  and 
Fairfield  Counties  in  south-central  Ohio  and  occurrences  on  the  unglaciated 
Allegheny  Plateau. 

Obviously,  the  distribution  and  abundance  of  the  chestnut-sided  warbler 
have  changed  dramatically  over  the  past  two  centuries.  It  was  an  extremely 
rare  breeding  species  restricted  to  early  successional  habitats  in  the  deciduous 
forests  of  eastern  North  America  in  the  18th  and  early  19th  centuries  (Bent, 
1953;  Morse,  1989).  The  extensive  deforestation  of  the  late  1800s  and  early 
1900s  followed  by  abandonment  of  some  agricultural  and  pasture  land 
created  an  abundance  of  appropriate  habitat  into  which  the  species  could 
spread.  As  a  result  of  this  habitat  change,  the  chestnut-sided  warbler  became 
one  of  the  most  common  breeding  birds  in  eastern  North  America  (Bent,  1953; 
Morse,  1989). 

The  former  rarity  of  the  species  was  undoubtedly  a  function  of  both  breeding 
ground  limitation  (paucity  of  early  successional  habitat)  and  a  lack  of  behavioral 
plasticity.  For  example,  Greenberg  (1979,  1983,  1984a,  1984b;  also  Morse, 
1989)  demonstrated  that  the  chestnut-sided  warbler  is  highly  specific  in  habitat 
selection  and  displays  a  stereotyped  foraging  repertoire. 

This  scenario  undoubtedly  applies  to  the  Midwest,  where  the  chestnut-sided 
warbler  occurs  in  forest  edges,  brushy  second-growth,  and  young  deciduous 
forests  (Mumford  and  Keller,  1984;  American  Ornithologists'  Union,  1983; 
Bohlen,  1989;  Peterjohn,  1989;  Collins,  etai,  1982).  Although  the  chestnut-sided 
warbler  was  associated  with  oak  savannahs  in  northwestern  Indiana  and 
northwestern  Ohio  (Mumford  and  Keller,  1984;  Peterjohn,  1989;  Bohlen,  1989), 
large  numbers  of  chestnut-sided  warblers  anywhere  in  the  lower  Midwest  are  hard 
to  imagine  prior  to  the  beginning  of  extensive  land  clearance  in  the  mid- 1 800s 
(Parker  1989).  For  example,  Butler  (1898)  mentions  the  chestnut-sided  warbler 
as  a  summer  resident  in  the  extreme  northern  part  of  Indiana  but  indicates 
confirmed  breeding  only  for  LaPorte  County. 

EXTRA-LIMIT AL  POPULATIONS 

OF  CHESTNUT-SIDED  WARBLERS 

IN  INDIANA:  RECENT  STUDIES 

The  initial  evidence  of  extra-limital  breeding  populations  of  chestnut-sided 
warblers  came  from  three  young  clearcuts  in  the  Pleasant  Run  Unit  of  Hoosier 
National  Forest  (HNF)  in  1985.  Singing  males  were  found  in  each  cut,  with  a 
maximum  of  five  males  in  one  clearcut.  The  birds  were  present  continuously 
from  May  through  late  July.    Singing  males  (minimum  three,  maximum  five) 
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Figure  2.  Density  of  chestnut-sided  warblers  (pairs/hectare)  as  a  function  of 
successional  stage  of  clearcut  (years  since  cutting). 


were  also  present  in  these  same  cuts  and  one  additional  site  in  1986.  This  evidence 
suggested  the  possibility  of  a  localized  breeding  population  in  south-central 
Indiana. 

A  detailed  study  of  the  changes  in  breeding  bird  communities  as  a  function 
of  clearcut  age  was  initiated  in  1987  (Gremel,  1989;  Gremel  and  Whitehead,  1989). 
Gremel  censused  breeding  birds  in  14  clearcuts  ranging  in  age  from  3  to  21  years 
post-cutting  in  1987-1990  (Figure  2). 

Singing  male  chestnut-sided  warblers  were  present  in  all  clearcuts  three  to 
nine  years  post-cutting,  but  they  were  seldom  present  in  cuts  more  than  ten  years 
into  succession  (Figure  2).  The  total  for  1987  included  29  males  (five  sites)  with 
a  minimum  of  three  at  one  site  and  a  maximum  of  eight  at  another.  Density  ranged 
from  0.8  to  1 .5  pairs  per  hectare.  The  total  for  1988  included  3 1  males  (four  sites) 
with  a  minimum  of  seven  at  one  site  and  a  maximum  of  nine  at  another;  density 
ranged  from  1 . 1  to  1 .3  pairs/hectare.  The  1989  study  totalled  22  males  (four  sites) 
with  a  minimum  of  four  and  a  maximum  of  seven;  density  ranged  from  0.7  to  1 . 1 
pairs/hectare.  The  1990  totals  included  23  males  (four  sites)  with  a  minimum  of 
four  and  a  maximum  of  nine;  density  ranged  from  0.7  to  1.2  pairs/hectare. 

These  data  suggest  the  presence  of  a  localized  breeding  population.  This 
inference  was  strengthened  by  the  identification  of  females  on  at  least  one  cut  in 
1986  and  additional  females  (up  to  four)  in  every  subsequent  year. 

Actual  breeding  was  confirmed  in  1988,  1989,  and  1990.  The  initial 
confirmation  was  obtained  22  June  1988  in  a  four-year  old  cut  in  Lawrence 
County,  when  a  male  chestnut-sided  warbler  was  observed  carrying  food  and 
begging  calls  were  heard  nearby.  The  male  disappeared  into  the  cut  and 
reappeared  without  food.  A  juvenile  then  emerged  and  was  observed  being  fed 
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Table  1 .  Characteristics  of  the  sites  where  chestnut-sided  warblers  tend  to  breed. 


Habitat  Variables 

Age  of 

Density 

Density  of 

Density  of 

Density  of 

Clearcut 

CSWA 

Stems  <  2.5  cm 

Stems  >  5  cm 

Rubus 

(yr) 

(pr/ha) 

(no/ha) 

(no/ha) 

(stems/ha) 

3 

0.9 

4 

1.2 

18242 

152 

954 

5 

0.8 

6 

1.0 

19782 

359 

1184 

7 

1.2 

17567 

436 

1222 

8 

0.5 

9 

0.8 

10 

11 

12 

0.0 

4888 

2449 

0 

13 

0.0 

3049 

1828 

0 

14 

15 

16 

17 

0.0 

6098 

2030 

0 

18 

0.0 

2151 

1755 

0 

19 

20 

0.0 

2304 

1824 

0 

21 

0.0 

2418 

1974 

0 

by  the  female.  The  second  confirmation  was  obtained  on  11  June  1989  in  an 
eight-year  old  cut  in  Brown  County,  when  a  female  chestnut-sided  warbler  was 
observed  carrying  food  to  begging  young.  The  third  confirmation  was  obtained 
from  a  six-year  old  cut  in  Jackson  County  on  27  June  1990,  when  both  male  and 
female  were  observed  carrying  food,  one  fledgling  was  seen  being  fed  by  the 
male,  and  begging  notes  from  a  second  fledgling  were  heard. 

Additional  evidence  of  breeding  was  obtained  from  a  three-year  intensive 
mist-netting  study  in  five  young  clearcuts  (1989-1991).  Seven  chestnut-sided 
warblers  were  netted  in  1989,  four  of  which  were  females,  one  with  a 
well-developed  brood  patch.  The  1990  totals  included  13  chestnut-sided  warblers 
(including  two  females  and  five  hatch-year  birds).  The  1991  totals  included  five 
chestnut-sided  warblers  (two  males  and  three  females).  One  of  13  chestnut-sided 
warblers  netted  in  1990  was  recaptured  in  1991  (Whitehead,  unpub.  data). 

More  recently,  intensive  investigations  of  reproductive  success  of  neotropical 
migrants  have  found  chestnut-sided  warbler  nests  in  clearcuts  in  Yellowwood 
State  Forest  (Brown  County).  A  single  nest  (successful)  was  found  in  1993,  and 
four  nests  (two  successful)  were  located  in  1994. 

Lastly,  two  singing  males  were  heard  in  an  area  of  dense  shrubby  vegetation 
(apparently  an  abandoned  farm)  in  the  southwestern  corner  of  Brown  County 
State  Park  in  June  1994. 

These  data  indicate  that  there  are  localized  breeding  populations  of 
chestnut-sided  warblers  in  the  vicinity  of  the  Pleasant  Run  Unit  of  Hoosier 
National  Forest.  These  populations  are  more  than  200  km  south  of  the  breeding 
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range  indicated  by  Mumford  and  Keller  (1984)  and  appear  to  exist  because  of  the 
early  successional  habitats  characteristic  of  young  clearcuts.  Our  studies  have 
indicated  the  presence  of  such  "patches"  in  Monroe,  Brown,  Lawrence,  and 
Jackson  Counties  (Figure  1). 

The  sites  in  which  chestnut-sided  warblers  breed  are  characterized  by  high 
densities  of  woody  stems  2.5  cm  dbh,  low  densities  of  stems  5  cm  dbh,  and  low 
mean  canopy  height  (Table  1).  The  dominant  plant  taxa  on  these  young  cuts 
include  (in  order  of  mean  frequency):  sassafras  (Sassafras  albidum),  dogwood 
(Cornus  florida),  greenbrier  (Smilax  sp.),  winged  sumac  (Rhus  copallina),  red 
maple  (Acer  ruhrum),  sugar  maple  (Acer  saccharum),  tulip  tree  (Liriodendron 
tulipifera),  black  gum  (Nyssa  sylvatica),  hornbeam  (Ostrya  virginiana),  chestnut 
oak  (Que reus  prinus),  bigtooth  aspen  (Populus  grandidentata),  raspberry  (Rubus 
sp.),  and  white  ash  (Fraxinus  americana).  Scattered  snags,  often  hickories 
(Carya  spp.),  were  left  standing  in  each  clearcut.  These  snags  appear  to  be 
important  singing  perches  for  territorial  males  (Gremel,  1989;  Gremel  and 
Whitehead,  1989). 

Selected  habitat  variables  were  analyzed  in  occupied  and  unoccupied 
clearcuts  with  r-tests  (Table  1).  The  characteristics  of  the  4-7  year-old  cuts  were 
compared  with  those  of  the  12-17  year-old  sites.  All  variables  tested  were 
significantly  different  between  the  two  classes  of  sites.  The  variables  analyzed 
included:  1)  the  density  of  woody  stems  2.5  cm  dbh  (p  =  0.0002;  R^  =  0.9753); 
2)  the  density  of  woody  stems  5  cm  dbh  (p  =  0.0009;  R^  =  0.9515);  3)  canopy 
height  (p  =  0.0005;  R^  =  0.9632);  and  4)  the  density  of  raspberry  stems  (p  = 
0.0002;/?^  =  0.9781). 

The  bird  community  which  shares  these  cuts  with  chestnut-sided  warblers  is 
typical  of  early  successional  habitats  in  southern  Indiana  and  includes  (in  rank 
order  based  on  pairs/ha):  rufous-sided  towhee  (Pipilo  erythrophthalmus), 
white-eyed  vireo  (Vireo  griseus),  indigo  bunting  (Passerina  cyanea),  yellow- 
breasted  chat  (Icteria  virens),  prairie  warbler  (Dendroica  discolor), 
chestnut-sided  warbler,  gray  catbird  (Dumetella  carolinensis),  blue-winged 
warbler  (Vermivora  pinus),  northern  cardinal  (Cardinalis  cardinalis),  hooded 
warbler  (Wilsonia  citrina),  common  yellowthroat  (Geothlypis  trichas),  and 
kentucky  warbler  (Oporornis  formosus).  Since  these  initial  discoveries,  young 
clearcuts  in  the  southern  three  units  of  HNF,  Breeding  Bird  Survey  data  (provided 
by  Edward  M.  Hopkins),  Indiana  Audubon  Society  Summer  Bird  Count  data 
(extracted  from  the  Indiana  Audubon  Quarterly),  and  data  from  the  Indiana 
Breeding  Bird  Adas  project  (also  provided  by  Hopkins)  have  been  analyzed 
(Figure  1). 

The  Breeding  Bird  Survey  data  indicate  that  the  chestnut-sided  warbler  was 
rarely  encountered.  It  was  noted  on  only  five  routes,  all  in  northern  Indiana. 

Indiana  Audubon  Society  Summer  Bird  Counts  (1980-1988)  suggest  a  more 
extensive  distribution  (Figure  1;  Jackson,  1981,  1983a,  1983b,  1984,  1985; 
Jackson  and  Jackson,  1986,  1987,  1988,  1989).  The  chestnut-sided  warbler  was 
noted  in  17  counties  with  an  obvious  concentration  in  the  northern  tier  of  counties 
(for  example,  birds  were  noted  in  Porter  County  in  eight  of  the  nine  years).  There 
also  appears  to  be  a  "patch"  in  eastern  Indiana  including  Wayne,  Fayette,  and 
Franklin  Counties  and  a  more  extensive  extra-limital  population  in  south-central 
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Indiana  extending  southward  from  Monroe,  Brown,  and  Jackson  Counties  to 
Orange,  Crawford,  and  Spencer  Counties  (records  from  Monroe,  Brown,  and 
Jackson  Counties  are  based  on  our  work). 

Inferences  from  the  Indiana  Breeding  Bird  Atlas  project  are  similar  (Figure 
1)  in  that  chestnut-sided  warblers  were  noted  in  sixteen  counties  with  a 
concentration  in  the  north.  The  "patch"  in  the  east  is  represented  by  Franklin 
County,  and  the  south-central  population  includes  records  from  atlas  blocks  in 
Johnson,  Owen,  Brown,  Lawrence,  Martin,  and  Daviess  Counties.  The  Brown 
County  observations  come  from  three  different  atlas  blocks,  and  all  of  the 
sightings  are  from  clearcuts  that  the  authors  are  studying. 

Young  timbercuts  in  the  three  southern  units  of  HNF  were  visited  during  the 
summer  of  1989.  Cuts  no  older  than  seven  years  post-cutting  were  concentrated 
on,  and  up  to  an  hour  was  spent  in  each  cut.  If  chestnut-sided  warblers  were  not 
found,  an  additional  ten  minutes  was  spent  playing  taped  vocalizations.  Three 
cuts  in  the  Lost  River  unit  (Martin  County)  were  visited  on  22  June  1989,  and 
five  males  were  found  in  a  four-year  old  cut,  but  none  were  found  in  two 
seven-year  old  cuts.  On  28  June  1989,  three  young  cuts  in  northern  Perry  County 
and  one  large  cut  in  southern  Perry  County  were  visited,  but  no  chestnut-sided 
warblers  were  found. 

The  chestnut-sided  warbler  now  occurs  regularly  as  a  breeding  bird  in 
south-central  Indiana.  It  appears  to  favor  young  clearcuts,  primarily  in  Hoosier 
National  Forest,  and  probably  breeds  every  year  in  such  habitats  from  Brown  and 
Monroe  Counties  south  to  Martin  (and  Orange?)  County.  These  populations 
occur  in  the  forested  uplands  of  the  Highland  Rim  Natural  Region  and  the 
Shawnee  Hills  Natural  Region  (Homoya,  et  al.,  1985).  Individuals  occur 
sporadically  in  disturbed  habitats  south  of  this  population. 

This  "southern"  population  was  probably  not  present  prior  to  the  late  1960s, 
when  some  clearcutting  was  initiated  by  the  Forest  Service.  This  conclusion  is 
supported  by  the  work  of  Nolan  (1978),  who  studied  the  prairie  warbler  on  a  50 
hectare  tract  near  Bloomington,  Indiana,  from  1952-1972.  Although  the 
chestnut-sided  warbler  and  the  prairie  warbler  are  similar  ecologically,  Nolan 
recorded  no  chestnut-sided  warblers  in  the  breeding  season  during  the  20-year 
span  of  his  study  (Nolan,  pers.  comm.). 

Apparently,  this  situation  is  not  unique  to  Indiana  as  male  chestnut-sided 
warblers  have  been  found  recently  in  young  clearcuts  in  the  Shawnee  National 
Forest  in  southern  Illinois  (Robinson,  pers.  comm.).  Some  of  the  chestnut-sided 
warblers  reported  from  the  unglaciated  Allegheny  Plateau  in  Ohio  (Peterjohn, 
1989)  may  have  a  similar  explanation,  as  the  three  major  units  of  the  Wayne 
National  Forest  are  located  on  the  plateau  and  their  forest  management  histories 
have  been  similar  to  those  of  the  HNF  (Landes  and  Schwalbach,  pers.  comm.), 

DISCUSSION 

The  colonization  of  young  clearcuts  in  the  lower  Midwest  by  the 
chestnut-sided  warbler  is  not  surprising  given  what  is  known  concerning  the 
original  distribution  of  the  species,  data  on  habitat  associations,  and  evidence  for 
utilization  of  clearcuts  elsewhere  in  eastern  North  America.  As  mentioned 
previously,  the  species  was  once  greatly  restricted  in  distribution,  apparently 
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occurring  only  in  localized  disturbed  habitats  such  as  recent  bums,  streamside 
sites  subject  to  destructive  flooding,  ecotones  on  the  border  of  beaver  ponds,  and 
stunted  oak  forests  in  the  Applachians  (Burleigh,  1927;  Kendeigh,  1945;  Bent, 
1953;  Greenberg,  1979, 1983,  1984a,  1984b;  Collins,  1983;  Collins,  etal,  1982; 
Morse,  1989;  Baird,  1990). 

The  ability  of  the  chestnut-sided  warbler  to  colonize  appropriate  habitat 
quickly  is  demonstrated  by  its  rapid  spread  into  the  many  early  successional 
patches  caused  by  the  chestnut  blight  in  the  early  1900s  (Bent,  1953).  This 
behavior  is  consistent  with  what  is  known  from  areas  in  the  Northeast  and  upper 
Midwest  that  have  been  altered  by  extensive  clearcutting  over  the  past  few 
decades.  The  chestnut-sided  warbler  is  a  common  breeding  bird  in  young 
clearcuts  in  Nova  Scotia,  Maine,  and  New  Hampshire  (Titterington,  et  al,  1979; 
Freedman,  et  al,  1981;  Holmes,  pers.  comm.).  The  structural  characteristics  of 
the  cuts  occupied  by  chestnut-sided  warblers  in  the  Northeast  are  similar  to  those 
in  which  the  species  now  occurs  in  HNF. 
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Abstract:  This  study  was  undertaken  to  provide  ultrastructural  descriptions  of  the 
connective  tissue  secreting  cells  that  exist  near  the  rectal  pads  in  Schistocerca  gregaria. 
The  connective  tissue  space  surrounding  the  rectal  pads  contains  collagen  fibers  and  three 
cell  types:  fibroblasts,  strand-bearing  connective  tissue  cells,  and  granular  cells.  The 
fibroblasts  which  produce  collagen  fibers  and  matrix  contain  extensive  rough 
endoplasmic  reticulum  (RER),  free  ribosomes,  a  prominent  Golgi  complex,  vesicles,  and 
mitochondria.  In  actively  secreting  fibroblasts,  the  cistemae  of  the  RER  become  dilated 
with  amorphous  electron-dense  material.  Smooth  vesicles  containing  the  electron-dense 
material  approach  and  fuse  with  the  plasma  membrane,  releasing  their  contents  by 
exocytosis  near  the  cell  surface  for  assembly  into  collagen  fibers  and  other  matrix 
constituents.  The  strand-bearing  connective  tissue  cells  exhibit  intracellular  channels, 
abundant  glycogen  granules,  and  lipid  droplets.  Their  fibrous  strands  extend  into  the 
connective  tissue  space.  The  reticular  lamina  surrounding  the  actively  secreting 
fibroblasts  and  strand-bearing  cells  contains  small,  unhanded  and  banded,  collagen 
fibers,  which  become  dispersed  in  the  connective  tissue  space.  The  granular  cells 
resemble  vertebrate  mast  cells,  which  contain  heparin  and  histamine  in  their  granules. 
The  granular  cells  exhibit  short  pseudopodia,  intracellular  channels,  and  granules  with 
varying  densities.  The  ultrastructural  features  of  the  fibroblasts  and  strand-bearing 
connective  tissue  cells  are  consistent  with  their  role  in  the  synthesis  of  collagen  fibers 
and  matrix  constituents,  whereas  the  granular  cells  appear  to  be  involved  in  local 
immunological  reactions. 

KEYWORDS:  Collagen  fibers,  endoplasmic  reticulum,  fibroblasts,  Golgi  complex, 
granular  cells,  intracellular  channels,  lipid  droplets,  mitochondria,  strands. 

INTRODUCTION 

In  multicellular  organisms,  the  internal  tissues  and  organs  are  supported  and 
held  together  by  connective  tissue,  which  consists  of  cells  and  fibers  that  are 
embedded  in  an  amorphous  matrix.  The  connective  tissue  functions  in  water 
storage,  allows  the  passage  of  food  substances  and  waste  products,  and  forms 
layers  of  varying  thickness,  which  allow  movements  between  different  tissues 
(Andrew,  1959;  Leonhardt,  1977).  One  of  most  important  and  abundant  classes 
of  glycoprotein  molecules  produced  by  vertebrate  fibroblasts  is  collagen. 
Collagen  usually  exists  in  the  form  of  long  fibers  with  well-defined  banding 
patterns,  and  it  acts  as  the  chief  packing  material  inside  organs  (Goldberg  and 
Robinovitch,  1988). 

In  insects,  hemocytes  have  been  implicated  in  the  formation  of  connective 
tissue.  Wigglesworth  (1956,  1973)  demonstrated  in  Rhodnius  (Hemiptera: 
Reduviidae)  that  amoebocytes  are  important  in  the  formation  of  basement 
membranes.  Scharrer  (1972)  reported  that  in  cockroaches,  hemocytes  are 
involved  in  the  formation  of  connective  tissue.  Two  types  of  hemocytes  (i.e.,  the 
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adipohemocytes  and  spherule  cells)  are  involved  in  the  secretion  of  connective 
tissue  fibers  and  strands  associated  with  the  tunica  propria  around  the  prothoracic 
gland  in  Antheraea  (Lepidoptera:  Attacidae)  and  Bombyx  (Lepidoptera: 
Bombycidae)  (Beaulaton,  1968).  In  the  larva  of  Sarcophaga  (Diptera: 
Sarcophagidae),  Whitten  (1964)  found  strands  of  connective  tissue,  which  were 
probably  secreted  by  hemocytes,  connecting  the  pericardial  cells  to  the  heart. 
Insect  ganglia  are  surrounded  by  an  extracellular  connective  tissue  sheath,  the 
neural  lamella,  which  is  secreted  by  the  underlying  perineurium  and  contains 
collagen  fibers  in  a  matrix  of  acidic  or  neutral  mucopolysaccharides  and 
glycoproteins  (Ashhurst,  1965,  1968,  1985;  Locke  and  Huie,  1972;  Smith  and 
Treheme,  1963;  Smith,  1968).  The  existence  of  connective  tissue-secreting 
fibroblasts  in  a  variety  of  insect  tissues  and  organs  is  now  well  documented 
(Ashhurst  and  Costin,  1974;  Francois,  1977,  1978;  Hoffmann,  et  al,  1979). 

A  stratum  of  loose  connective  tissue  lies  between  the  epithelium  and  the 
muscle  layer  in  the  rectal  pads  of  Calliphora  erythrocephala  (Diptera: 
Calliphoridae)  (Gupta  and  Berridge,  1966),  Periplaneta  americana  (Dictyoptera: 
Blattidae)  (Oschman  and  Wall,  1969),  and  Locusta  migratoria  (Orthoptera: 
Acrididae)  (Hodge,  1939).  In  the  rectal  pads  of  Schistocerca  gregaria  (Orthoptera: 
Acrididae),  connective  tissue  cells  and  bundles  of  collagen  have  been  observed  in 
the  space  between  the  secondary  cells,  which  lie  external  to  the  epithelium,  and 
the  muscles  (Jarial,  1992).  Very  little  information  is  available  about  either  the 
ultrastructure  of  these  connective  tissue  cells  or  the  synthesis  of  collagen  fibers 
in  the  insect  rectum.  The  fine  structure  of  connective  tissue  cells  surrounding  the 
rectal  pads  in  the  desert  locust,  Schistocerca  gregaria,  and  their  relationship  to 
the  production  of  collagen  fibers,  the  two  matrix  constituents  (the  glycosaminoglycans 
and  glycoproteins),  and  other  substances  were  investigated  in  this  study. 

MATERIALS  AND  METHODS 

The  adult  male  desert  locusts  {Schistocerca  gregaria)  used  in  this  study  were 
maintained  at  28°  C  and  a  humidity  of  60%  on  a  diet  of  bran  and  lettuce  leaves. 
For  electron  microscopy,  the  rectal  pads  were  dissected  out  in  insect  Ringer 
solution  (Hoyle,  1953)  and  fixed  by  immersion  at  room  temperature  in  the 
following  mixture  (Millonig,  1962):  1  part  5%  osmium  tetroxide,  1  part  10% 
glutaraldehyde,  and  2  parts  0.2M  phosphate  buffer  (pH  7.2).  After  fixation,  the 
material  was  washed  in  two  changes  of  phosphate  buffer,  dehydrated  in  an  ethanol 
series  to  propylene  oxide,  and  embedded  in  Epon  812  (Luft,  1961).  Ultra-thin 
sections  were  cut  with  a  Porter-Blum  MT2  ultramicrotome,  stained  with  uranyl 
acetate,  and  counter-stained  with  lead  citrate  (Reynolds,  1963).  The  sections 
were  examined  using  a  Hitachi  HU-llA  and  an  H-600  transmission  electron 
microscope.  Similarly  embedded  material  was  also  cut  at  2  |am,  stained  with 
azure  II,  and  viewed  with  a  light  microscope. 

RESULTS 

Each  of  the  six  rectal  pads  of  Schistocerca  gregaria  is  surrounded  by  an 
extensive  (about  70  |im  wide)  connective  tissue  space,  which  is  bounded  by  the 
layer  of  secondary  cells  which  lies  external  to  the  epithelium  and  the  visceral 
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Figure  1.  Light  microscope  photograph  of  a  2  |im  thick  Epon  section  of  a  rectal 
pad  stained  with  azure  II  showing  the  extensive  connective  tissue  space  (CS) 
bounded  by  circular  muscles  (CM)  and  the  layer  of  secondary  cells  (SC)  and 
containing  fibroblasts  (F)  and  tracheae  (T).  EC  =  epithelial  cells;  H  =  hemocoel; 
L  =  lumen.  Bar  =  0.02  mm. 


muscles.  This  space  contains  tracheae,  tracheoles,  connective  tissue  cells,  and 
collagen  fibers  embedded  in  a  matrix  (Figures  1-5).  Three  cell  types  were 
recognized  in  the  connective  tissue  space:  fibroblasts,  strand-bearing  connective 
tissue  cells,  and  granular  cells. 

The  more  numerous  fibroblasts  are  spindle-shaped  with  slender  cytoplasmic 
processes  that  extend  into  the  surrounding  connective  tissue  space.  The  ovoid 
nucleus  of  the  fibroblast,  which  occupies  a  large  portion  of  the  cell,  contains  clum.ps 
of  condensed  chromatin  adjacent  to  the  nuclear  membrane  and  scattered  in  the 
nucleoplasm  (Figures  2-4).  The  thin  layer  of  cytoplasm  surrounding  the  nucleus 
contains  extensive  rough  endoplasmic  reticulum  (RER),  a  prominent  Golgi  complex, 
vesicles,  tubules,  lipid  droplets,  and  mitochondria.  In  actively  secreting  fibroblasts, 
the  cistemae  of  the  RER  are  dilated  and  filled  with  amorphous  electron-dense 
material.  Smooth  vesicles,  probably  containing  matrix  constituents  and  procollagen, 
were  observed  approaching  and  then  fusing  with  the  plasma  membrane  thereby 
discharging  their  contents  by  exocytosis  near  the  cell  surface  (Figures  2,  3).  Small, 
unhanded  and  banded,  densely  packed  collagen  fibers  (each  about  30  nm  in  diameter) 
form  in  a  reticular  lamina  (about  2  |Lim  thick)  surrounding  the  fibroblasts,  whence 
they  disperse  into  the  connective  tissue  space  (Figures  2, 4,  5). 

The  strand-bearing  connective  tissue  cells  display  some  structural  features 
which  differ  from  those  of  the  fibroblasts  described  above.     The  plasma 


60 


Entomology:  M.S.  Jarial 


Vol.  104(1995) 


PiVl    "^ 


^% 


f\i 


^ 
**  ^ 

^^i.*'; 


PM 


It 


"•■  t 


CS 


^Uti^^icSi 


Figures  2-5.  Figure  2.  A  portion  of  a  fibroblast  (F)  surrounded  by  a  reticular 
lamina  (RL)  containing  collagen  fibers.  Vesicles  (V;  arrow  heads)  are  seen  fusing 
with  the  plasma  membrane  (PM).  LD  =  lipid  droplet;  M  =  mitochondria;  N  =  nucleus; 
P  =  process  of  a  fibroblast.  Bar  =  1  pm.  Figure  3.  Electron  micrograph  of  a  portion 
of  fibroblast  (F)  exhibiting  dilated  rough  endoplasmic  reticulum  (RER)  filled  with 
amorphous  electron-dense  material  and  a  well-developed  Golgi  complex  (GC).  Note 
the  vesicle  (V)  fusing  with  the  plasma  membrane  (PM)  in  the  area  bounded  by  the 
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membrane  of  these  cells  is  infolded  to  form  narrow  intracellular  channels  which 
extend  deep  into  the  cytoplasm  and  contain  electron-dense  material.  The  nucleus 
is  centrally  located,  and  the  dense  cytoplasm  is  devoid  of  granules  but  contains 
free  ribosomes,  vesicles,  and  numerous  mitochondria.  The  cytoplasm  is  filled 
with  glycogen  granules  and  lipid  droplets  to  such  an  extent  that  the  organelles, 
especially  the  rough  endoplasmic  reticulum  and  the  Golgi  complex,  become 
compressed  and  obscured  from  view.  Smooth  vesicles  containing  electron-dense 
material  are  visible  near  the  intracellular  channels  and  the  plasma  membrane. 
The  slender  cytoplasmic  processes  of  these  cells  also  extend  into  the  connective 
tissue  space.  These  connective  tissue  cells,  like  the  active  fibroblasts,  are 
surrounded  by  a  750  nm  thick  reticular  lamina  containing  thin  collagen  fibers.  In 
addition,  fibrous  strands  extend  from  the  reticular  lamina  into  the  connective 
tissue  space  (Figure  6). 

The  granular  cells  are  irregularly  ovoid  in  section.  These  cells  contain 
numerous,  membrane-bound,  round  to  oval,  dense  granules,  a  few  profiles  of 
rough  endoplasmic  reticulum,  mitochondria,  ribosomes,  and  vesicles  in  the 
cytoplasm  surrounding  the  nucleus.  The  delicate  plasma  membrane  is  infolded 
to  form  intracellular  channels.  Short  pseudopodia  extend  from  the  cell  surface 
of  granular  cells,  which  gives  an  indication  of  their  slow  mobility  (Figures  7,  8). 
In  some  preparations,  the  peripheral  granules  appear  swollen  and  exhibit 
decreasing  density  (Figure  9). 

DISCUSSION 

Our  current  knowledge  of  the  connective  tissue  in  the  internal  organs  of 
insects  is  rather  scanty,  since  it  has  been  assumed  that  the  function  of  providing 
support  has  been  largely  taken  over  by  the  widely  distributed  tracheal  system 
(Waterhouse,  1950).  The  rectal  pads  of  the  desert  locust,  Schistocerca  gregaria, 
are  surrounded  by  an  extensive  connective  tissue  space,  which  extends  between 
the  layer  of  secondary  cells  lying  external  to  the  epithelium  and  the  visceral 
muscles.  This  space  appears  to  be  analogous  to  the  lamina  propria  of  the 
vertebrate  gastrointestinal  tract  and  contains  connective  tissue  cells,  collagen 
fibers,  nerves,  and  trachea  (Jarial,  1992).  The  connective  tissue  space  contained 
three  types  of  connective  tissue  cells:  fibroblasts,  strand-bearing  connective  tissue 
cells,  and  granular  cells.  The  fibroblasts  in  the  rectal  pads  of  Schistocerca  display 
ultrastructural  features  that  are  typical  of  vertebrate  fibroblasts,  suggesting  that, 
like  the  latter,  they  are  involved  in  the  synthesis  and  deposition  of  collagen  fibers 

rectangle  (M  =  mitochondria;  N  =  nucleus;  T  =  tubule;  V  =  vesicles;  Bar  =  1  \xm). 
The  area  corresponding  to  the  rectangle  is  enlarged  in  the  inset  (V  =  vesicle 
containing  electron-dense  material;  PM  =  plasma  membrane;  Bar  =  0.25  |am). 
Figure  4.  A  portion  of  a  fibroblast  surrounded  by  a  reticular  lamina  (RL)  containing 
banded  collagen  fibers  (CF)  that  are  cut  longitudinally.  The  plasma  membrane  (PM) 
has  discontinuities  (arrow  heads  at  bottom).  N  =  nucleus.  Bar  =  1  \xm.  Figure  5. 
Collagen  fibers  (CF)  in  the  reticular  lamina  (RL)  surrounding  a  fibroblast  (F)  and  a 
process  (P)  of  a  different  fibroblast.  Almost  all  the  fibers  have  been  cut  in  cross 
section  and  appear  as  small  dots.  The  direction  of  the  arrow  indicates  dispersion  of 
fibers  into  the  connective  tissue  space  (CS).  Bar  =  0.5  \xm. 
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Figures  6-9.  Figure  6.  A  portion  of  a  strand-bearing  connective  tissue  cell  showing 
the  intracellular  channels  (IC),  glycogen  deposits  (GLY),  lipid  droplets  (LD), 
mitochondria  (M),  vesicles  (V),  reticular  lamina  (RL),  and  connective  tissue  strands 
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and  matrix  constituents,  namely  the  glycosaminoglycans  and  mucoproteins 
(Ashhurst,  1985).  Similariy  placed  medullary  cells  in  the  rectal  papillae  of 
Calliphora  have  been  shown  to  produce  banded  collagen  fibers  (Gupta  in 
Ashhurst,  1968).  In  actively  secreting  fibroblasts,  the  cistemae  of  the  rough 
endoplasmic  reticulum  (RER)  are  dilated  and  filled  with  electron-dense, 
amorphous  material;  the  Golgi  complex  is  prominent  with  well-developed 
lamellae;  and  the  vesicles,  presumably  derived  from  the  Golgi  complex  and 
containing  electron-dense  material,  are  situated  near  the  RER.  In  these 
fibroblasts,  the  Golgi  complex  may  play  an  important  role  in  the  synthesis  of 
collagen  fibers  and  the  matrix.  The  smooth  vesicles  containing  electron-dense 
material  are  transported  to  the  periphery  of  the  fibroblasts,  where  they  fuse  with 
the  plasma  membrane  and  discharge  their  contents  to  the  exterior  of  the  cells  by 
exocytosis  for  assembly  into  collagen  fibers  and  as  matrix  constituents.  The  thin, 
banded  fibers  (30  nm  in  diameter),  which  resemble  type  III  collagen  of 
vertebrates,  are  found  in  the  reticular  lamina  surrounding  the  fibroblasts,  but 
eventually  the  banded  fibers  are  dispersed  in  the  connective  tissue  space  by 
mechanical  forces. 

The  mechanism  of  collagen  synthesis  and  elaboration  of  matrix  constituents 
in  insect  fibroblasts  appears  to  be  identical  to  that  described  in  vertebrate 
fibroblasts,  where  procollagen  molecules  synthesized  in  the  RER  cistemae  are 
passed  on  to  the  Golgi  complex  for  packaging,  subsequently  transported  by 
vesicles  to  the  cell  surface,  and  then  released  to  the  exterior  by  exocytosis  for 
further  modification  and  assembly  into  collagen  fibers  (Bloom  and  Fawcett,  1986; 
Goldberg  and  Robinovitch,  1988).  This  view  is  supported  by  electron 
autoradiographic  studies,  which  show  that  ^H-proline  taken  up  by  insect 
fibroblasts  appears  in  the  RER  and  Golgi  complex  and  is  later  incorporated  into 
collagen  fibers  (Ashhurst  and  Costin,  1976;  Francois,  1980). 

The  strand-bearing  connective  tissue  cells  in  the  rectal  pads  of  Schistocerca 
structurally  resemble  the  perineurial  sheath  cells,  which  surround  the  insect 
central  nervous  system,  are  responsible  for  the  production  of  the  collagen-rich 
neural  lamella,  and  provide  nourishment  to  the  ganglia  (Ashhurst,  1965;  Smith, 
1968;  Smith  and  Treheme,  1963;  Wigglesworth,  1960).  The  existence  of 
intracellular  channels  in  the  strand-bearing  cells  suggests  that  they  may  also  be 
involved  in  transporting  substances  like  trehalose  into  these  cells  for  synthesis  of 

(CTS)  containing  collagen  fibers  (CF).  CP  =  Connective  tissue  cell  processes;  CS  = 
connective  tissue  space;  N  =  nucleus;  r  =  ribosomes.  Bar  =  1  \xm.  Figure  7.  Portions 
of  two  granular  cells  in  the  connective  tissue  space  (CS)  exhibiting  electron-dense 
granules  (G),  short  pseudopodia  (PS),  a  few  profiles  of  rough  endoplasmic  reticulum 
(RER),  mitochondria  (M),  and  vesicles  (V).  The  granular  cell  on  the  left  has 
discontinuities  in  its  plasma  membrane  (arrow  heads).  N  =  nucleus.  Bar  =  1  |am. 
Figure  8.  Electron  micrograph  of  a  portion  of  a  granular  cell  in  the  connective  tissue 
space  (CS)  showing  dense  granules  (G),  intracellular  channels  (IC),  mitochondria  (M), 
vesicles  (V),  and  blunt  pseudopodia  (PS),  r  =  ribosomes.  Bar  =  1  |Lim.  Figure  9.  A 
small  portion  of  a  granular  cell  exhibiting  electron-dense  granules  (G)  and  three 
granules  (arrow  heads)  showing  decreasing  density  located  near  the  plasma  membrane 
(arrow).  M  =  mitochondria;  N  =  nucleus.  Bar  =  1  jam. 
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the  glycogen  granules  and  lipid  droplets,  which  completely  fill  the  cytoplasm  and 
compress  organelles  such  as  the  RER.  Even  though  the  RER  and  the  Golgi 
complex  are  obscured  from  view,  the  mechanism  of  collagen  synthesis  in  these 
cells  is  probably  similar  to  that  in  the  fibroblasts.  Electron-dense  material  seen 
in  the  cytoplasmic  vesicles  and  in  the  adjoining  intracellular  channels  may 
represent  procollagen  and/or  matrix  constituents  about  to  be,  or  already,  released 
by  exocytosis.  The  connective  tissue  strands  containing  small  collagen  fibers, 
which  extend  from  the  reticular  lamina  of  the  connective  tissue  cells,  most  likely 
become  attached  to  the  nerves,  tracheae,  and  tracheoles  and  anchor  these 
structures  in  the  connective  tissue  space.  The  glycogen  deposits  and  lipid  droplets 
of  these  cells  may  be  utilized  in  providing  nutrition  to  the  underlying  layer  of 
secondary  cells  that  have  been  implicated  in  active  water  uptake  through  the  rectal 
pads  (Jarial,  1992). 

The  granular  cells  in  the  rectal  pads  of  Schistocerca  possess  ultrastructural 
features  that  appear  similar  to  those  of  insect  granulocytes,  which  play  a  role  in 
encapsulation  of  foreign  material  and  transplanted  tissue  (Han  and  Gupta,  1989), 
as  well  as  to  those  of  vertebrate  mast  cells  (Goldberg  and  Robinovitch,  1988). 
The  chemical  nature  of  their  dense  granules  is  not  known.  The  decreasing  density 
displayed  by  peripheral  granules  in  some  preparations  suggests  that  they  undergo 
degranulation  like  those  in  vertebrate  mast  cells.  The  granular  cells  may  produce 
substances  which  initiate  or  modify  local  immunological  reactions. 
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ABSTRACT:  The  development  of  chemistry  at  most  of  the  older  baccalaureate  degree 
granting  institutions  in  Indiana  is  concisely  surveyed.  These  Indiana  institutions  are 
compared  with  other  schools  in  America,  that  are  also  accredited  by  the  American 
Chemical  Society  for  professional  training  in  chemistry.  At  each  institution,  special 
attention  is  given  to  the  honors  received  by  their  chemistry  faculty,  their  current  number 
of  graduating  chemistry  majors,  and  the  achievements  of  their  most  notable  chemistry 
alumni.  The  influence  of  Indiana's  emergence  as  a  State  is  related  to  its  provision  for 
the  education  of  its  residents.  The  roles  of  cultural  idealism  and  religion  on  the 
development  of  higher  education  in  Indiana  are  also  discussed.  In  general,  published 
histories  of  the  chemistry  programs  (as  well  as  for  other  scientific  disciplines)  are  lacking 
for  many  Indiana  institutions.  The  beneficial  influence  of  the  Indiana  Academy  of 
Science  on  the  development  of  the  sciences  is  underscored. 
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education,  brief  sketches  of  fifteen  older  institutions,  prestigious  individual 
accomplishments  and  recognitions,  recent  data  on  chemistry  degrees  granted  in  Indiana. 

INTRODUCTION 

One  chapter  in  my  book,  Development  of  Chemistry  at  Indiana  University 
1829-1991,  dealt  with  the  history  of  chemistry  at  the  academic  institutions  in 
Indiana,  where  it  is  a  significant  component  of  the  curriculum  (Day,  1992).  With 
the  help  of  one  or  more  knowledgeable  persons  connected  with  each  school, 
meaningful  facts  and  well  based  impressions  were  obtained  and  carefully 
considered  in  preparing  that  chapter.  Their  assistance  is  much  appreciated. 

These  institutions  may  be  compared  with  other  schools  in  America,  which 
are  accredited  by  the  American  Chemical  Society  (ACS)  for  professional  training 
in  chemistry  at  the  baccalaureate  level  (Ross,  1993).  In  1991-92,  Indiana 
University  at  Bloomington  (lU)  ranked  sixth  in  the  nation  in  the  number  of 
chemistry  graduates  (37),  and  Purdue  was  twenty-third  (23).  For  doctoral 
graduates,  Purdue  ranked  third  (55),  but  lU  did  not  rank  in  the  top  twenty-five 
(19).  Of  the  State's  private  institutions,  the  top  four  based  on  the  number  of 
certified  graduates  were  Notre  Dame  (7),  Buder  (6),  Wabash  (6),  and  Valparaiso 
(4).  The  number  of  graduates  at  other  Hoosier  institutions  was  lower. 

In  1991-92,  lU  had  a  total  of  135  bachelors-level  graduates  (37  certified  and 
98  uncertified).  The  University  of  Illinois,  being  second,  had  a  total  of  116 
graduates  (46  certified  and  70  uncertified),  and  the  University  of  California  at 
Los  Angeles  (UCLA),  being  third,  had  a  total  of  109  graduates  (6  certified  and 
103  uncertified).  No  other  school  in  Indiana  ranked  in  the  top  twenty-five.  lU 
has  held  its  position  for  several  years,  although  the  number  of  graduates  did  drop 
slightly  in  1992-93. 
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Table  1.  Chemistry  degrees  awarded  in  1991-92  and  1992-93  by  Indiana  schools 
offering  an  ACS-accredited  program  for  professional  training  in  chemistry  (Ross, 
1993,  1994). 


Bachelors 

MS 



PhD 

Certified 
1992        1993 

Non-Certified 
1992        1993 

UNIVERSITY 

1992 

1993 

1992        1993 

Ball  State 

15 

15 

9 

7 

2 

8 

_           _ 

Butler 

6 

5 

8 

13 

0 

3 

—           — 

DePauw 

1 

0 

12 

9 

— 

— 

—           — 

Earlham 

0 

0 

3 

11 

— 

— 

—           — 

Evansville 

2 

4 

5 

5 

— 

— 

—           — 

Indiana  State 

6 

7 

0 

1 

0 

1 

0           — 

Indiana-Purdue 

Fort  Wayne 

5 

5 

0 

4 

0 

0 

—           — 

Indianapolis 

5 

6 

14 

14 

9 

0 

1              1 

Indiana 

Bloomington 

37 

32 

98 

117 

11 

10 

19           29 

Northwest 

1 

2 

0 

1 

— 

— 

—           — 

South  Bend 

8 

3 

0 

0 

— 

— 

—           — 

Southeast 

2 

9 

— 

—           — 

Notre  Dame 

7 

7 

13 

13 

8 

4 

8             9 

Purdue 

Lafayette 

23 

18 

21 

25 

11 

11 

55           43 

Calumet 

0 

5 

3 

2 

— 

—           — 

Rose-Hulman^ 

4 

6 

0 

0 

— 

— 

—           — 

Valparaiso 

4 

5 

16 

20 

— 

— 

—           — 

Wabash^ 

6 

4 

9 

5 

— 

— 

—           — 

Total  18 

148 

131 

211 

256 

41 

46 

83           82 

*  Institute  of  Technology 

^  College 

In  the  most  recent  analysis  (Ross,  1994),  no  striking  changes  occurred  in  the 
overall  number  of  bachelors  degrees  in  chemistry  awarded  by  the  1 8  campuses 
whose  undergraduate  chemistry  programs  were  certified  by  the  ACS  (Table  1). 
However,  in  1992,  the  total  number  of  bachelors  degrees  awarded  to  students 
completing  the  ACS  program  was  148  as  compared  with  131  in  1993.  The 
number  of  students  getting  bachelors  degrees  without  completing  this  program 
rose  from  21 1  in  1992  to  256  in  1993. 

In  the  nationwide  ranking  for  1992-93  (Ross,  1994),  lU  placed  second  based 
on  the  number  of  bachelors  degrees  granted  (149),  while  UCLA  was  first  (152). 
North  Carolina  State  University  was  third  (110),  and  the  University  of  Illinois 
was  fourth  (103). 

For  doctoral  graduates  nationwide  in  1992-93,  Purdue  University  ranked 
fourth  (43),  and  lU  was  seventeenth  (29).  Within  the  Big  Ten,  the  order  of  ranking 
for  doctoral  graduates  in  1992-93  was:  Purdue  (43);  Minnesota  (39);  Wisconsin 
(37);  Northwestern  (36);  Ohio  State  (33);  Indiana  (29);  Penn  State  (28);  Hhnois 
(26);  Michigan  State  (26);  Iowa  (23);  and  Michigan  (20). 
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EARLY  CONTRIBUTIONS  THROUGH  THE  INDIANA 
ACADEMY  OF  SCIENCE  AND  OTHERS 

Included  in  the  historically  valuable  sources  of  information  on  the 
development  of  chemistry  in  Indiana  are  the  published  reports  from  the  December 
1916  observance  of  A  Century  of  Science  in  Indiana,  a  symposium  which  was  a 
major  part  of  the  Thirty-Second  Annual  Meeting  of  the  Indiana  Academy  of 
Science  (Bigney,  1916).  Further  information  on  the  development  of  chemistry 
was  presented  in  a  second  symposium.  There  Were  Giants  in  Those  Days,  at  the 
Academy's  Annual  Meeting  in  1985,  when  the  centennial  of  the  IAS  was 
observed  (Day,  1986). 

William  and  Fay  Daily's  (1984)  fact-filled  chronicle  of  the  Academy's  first 
100  years  is  also  an  important  source  of  information  on  the  history  of  chemistry 
in  Indiana.  As  the  chairman  of  the  Academy's  Centennial  Committee,  John  B. 
Patton  wrote  in  the  preface  of  the  Daily s'  history:  'This  they  have  done  with  a 
degree  of  dedication.. ..that  places  Academy  members  of  the  past,  the  present,  and 
the  future  permanently  in  their  debt". 

Two  of  the  most  influential  charter  members  of  the  Academy  became 
outstanding  national  leaders  in  chemistry  and  remained  participating  Academy 
members  throughout  their  lives,  even  though  their  major  professional  contributions 
occurred  after  they  had  moved  from  Indiana  (Daily  and  Daily,  1984).  They  were 
H.W.  Wiley  (1844-1930)  and  W.A.  Noyes,  Sr.  (1857-1941).  At  least  four  other 
Academy  members  should  also  be  mentioned:  John  N.  Hurty  (1852-1925),  who  was 
a  major  influence  in  forming  public  health  policy,  especially  in  Indiana;  Henry  A. 
Huston  (1858-1 957),  a  Purdue  professor  of  agricultural  chemistry  from  1 888  to  1 903 
and  recipient  of  an  honorary  Sc.D.  degree  in  1931;  Richard  Owen  (1810-1890),  an 
Indiana  University  professor  of  natural  science  (primarily  chemistry,  physics,  and 
geology)  from  1864  to  1879  and  the  second  State  Geologist;  and  Robert  B.  Warder 
(1848-1905),  an  Earlham  graduate  and  Purdue  professor  of  chemistry  from  1883 
to  1887,  following  which  he  was  at  Harvard  until  his  death. 

Based  on  a  study  of  Indiana  scientists  through  the  first  half  of  the  twentieth 
century,  S.S.  Visher  (1951,  p.  209)  concluded  that  Hoosier  chemists  comprised 
slightly  more  than  one  fourth  of  the  scientists  sketched  in  one  or  more  of  the  eight 
editions  of  American  Men  of  Science,  1906-49.  This  distribution  has  not  changed 
significantly  during  the  second  half  of  this  century. 

Visher  (1951,  p.  266)  paid  particular  attention  to  Indiana  scientists  who  had 
been  starred  in  any  of  these  issues  of  American  Men  of  Science.  Starred  scientists 
were  elected  "by  secret  ballot  of  the  leaders  in  their  sciences,  as  especially 
distinguished  in  research."  Regarding  the  past  and  present  chemistry  faculty  at 
Indiana  colleges  and  universities,  Visher  stated  (1951,  p.  210)  that  "the  following 
have  been  starred  in  chemistry:  DePauw,  [S.A.]  Lattimore;  Earlham,  H.N. 
Holmes;  Indiana  University,  F.T.  Gucker,  R.L.  Shriner;  Notre  Dame,  J.A. 
Nieuwland;  Purdue,  H.B.  Hass,  Walter  Jones,  H.W.  Wiley;  Rose,  W.A.  Noyes, 
Sr.;  and  Wabash,  Alexander  Smith."  All  these  institutions  had  been  established 
well  before  the  end  of  the  nineteenth  century. 

Visher  also  noted  ( 1 95 1 ,  p.  209)  that  up  to  1 949,  "Thirteen  chemists  who  have 
been  starred  obtained  their  college  training  in  Indiana."  He  pointed  out  that  up 
to  that  time  no  chemistry  graduate  of  Indiana  University  had  ever  been  starred. 
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Concerning  Purdue,  he  wrote  that  since  1892,  no  Purdue  alumnus  had  received 
such  recognition.  In  the  second  half  of  the  twentieth  century,  several  chemistry 
graduates  from  both  of  these  universities  had  achievements  which  equaled  or 
exceeded  the  earlier  starring  standards  of  American  Men  of  Science.  Regarding 
the  colleges  and  universities  with  starred  chemistry  alumni  prior  to  1949,  Visher 
recorded  (1951,  pp.  209-210)  the  following:  ''Butler,  Cope;  DePauw,  Bacon, 
Clark,  Fenske,  Lattimore;  Earlham,  H.E.  Howe,  Stanley,  R.B.  Warder;  Hanover, 
Wiley;  Manchester,  P.J.  Flory;  Notre  Dame,  J.A.  Nieuwland;  Purdue,  McCoy; 
and  Valparaiso,  J.E.  Temple." 

In  addition,  Visher  recorded  (1951,  p.  209)  the  Indiana-born  chemists,  who 
had  been  starred  before  1949:  "R.F.  Bacon,  G.L.  Clark,  A.C.  Cope,  M.R.  Fenske, 
C.A.  Kraus,  S.A.  Lattimore,  H.M.  McCoy,  W.A.  Noyes,  Jr.,  Lee  J.  Smith,  W.M. 
Stanley,  and  H.W.  Wiley."  He  added  that  H.C.  Urey,  who  was  not  starred,  was 
born  in  Indiana,  and,  like  Stanley,  had  become  a  Nobel  Laureate. 

BACKGROUND  FOR  UNDERSTANDING 

An  understanding  of  the  development  of  chemical  education  can  only  be 
obtained  by  placing  the  discipline  squarely  in  the  Indiana  of  the  nineteenth 
century.  An  important  source  is  Logan  Esarey's  (1915)  volume  on  Indiana 
history  up  to  1850.  As  he  made  clear,  Indiana  was  largely  wilderness,  and  the 
sparse  and  scattered  population  included  a  few  Indian  tribes.  By  1816,  the  quest 
for  statehood  had  been  initiated,  and  a  State  Government  had  been  formed. 

Esarey  (1915,  p.  289)  wrote: 

"The  Constitution  directed  the  General  Assembly  to  provide  for 
a  complete  system  of  schools  ascending  in  regular  graduation 
from  township  schools  to  a  State  University.  This  ambitious 
program  was  destined  to  remain  a  dead  letter  for  almost  a 
century.  There  was  no  system  [for  implementation]  and  very 
few  schools  in  Indiana  before  the  Civil  War." 

Without  an  adequate  program  of  public  and  private  general  education,  higher 
education  could  not  develop  satisfactorily. 

After  pointing  out  the  lamentable  faults  in  public  education,  at  least  until  "the 
revision  of  the  school  laws  of  1843,"  Esarey  (1915,  p.  209)  further  wrote  (1915, 
p.  291):  "Despairing  of  any  relief  from  the  public  schools,  the  churches  each  in 
its  way,  tried  to  solve  the  problem  of  public  education."  Many  of  the  preachers 
and  priests  taught  in  "private  subscription  schools."  Also,  Esarey  referred  to 
itinerant  teaching  in  non-public  schools.  Although  the  elementary  schools,  both 
public  and  private,  were  fundamentally  important  for  every  citizen,  Esarey  (1915, 
p.  291)  had  to  conclude  that:  "Higher  education  fared  better  in  early  Indiana  than 
did  the  common  schools."  In  the  chapter  on  "Religion  and  Education  in  Indiana," 
he  (Esarey,  1915,  p.  292)  stated  that:  "The  intense  religious  feeling  of  the  times 
interfered  with  any  united  effort  in  higher  education."  Additional  deterrents  to 
developing  a  well  integrated  school  system  were  government  ineptitude  and  a 
philosophical  reluctance  to  tax  the  people  for  the  support  of  education.  Esarey 
concluded  that  this  situation  did  not  significantly  change  until  about  1867. 
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Other  factors  also  stimulated  education.  For  example,  Esarey  (1915,  p. 
248-249)  pointed  out:  "Beside  the  ordinary  American  pioneers  who  flocked  to 
Indiana  there  were  a  few  representatives  of  the  peculiar  religious  and  economic 
ideas  then  prevalent  in  the  East."  One  of  these  was  the  Harmonic  group 
(Rappites),  who,  in  1814,  moved  from  Pennsylvania  to  the  area  that  now  includes 
New  Harmony.  Within  about  one  decade,  their  program  floundered  and  was 
succeeded  by  Robert  Owen  and  his  idealistic  followers.  Included  in  Owen's 
group  were  a  substantial  number  of  adventurers  without  noble  aspirations.  The 
"Owenites"  also  included  intellectuals  with  differing  cultural  compulsions.  As 
an  organized  effort,  the  community  lasted  only  a  short  time  (from  1825  to  1827), 
but  some  of  the  proponents  of  such  intellectualism  remained  in  Indiana  and  were 
influential  in  the  development  of  both  private  and  public  higher  education. 

The  first  full-length  scholarly  history  of  New  Harmony  and  Robert  Owen's 
"idealists"  was  written  by  William  E.  Wilson  (1964),  who  grew  up  in  that 
community.  As  a  noted  professor  and  writer  at  Indiana  University  during  the 
middle  of  the  twentieth  century,  Wilson  masterfully  created  a  perceptive  word 
picture  "of  this  amazing  community."  Regarding  the  especially  relevant  aspects 
of  the  Rappites  and  the  Owenites,  on  the  jacket  of  Wilson's  book  (1964),  it  is 
written:  "Both  societies  also  left  their  mark  on  New  Harmony  where  sturdy  homes 
and  buildings  erected  by  the  founders  bear  testimony  to  careful  planning.  The 
first  public  school  system  open  to  boys  and  girls  alike,  the  first  free  public 
kindergarten  and  trade  school,  and  a  unique  Workingmen's  Institute  and  Library 
originated  here."  No  specific  cathedral  of  learning  arose  in  New  Harmony  from 
the  visions  and  efforts  that  centered  for  a  time  in  the  area.  But  the  educational 
influence  became  a  positive  factor  throughout  the  developing  State,  including  the 
State  Government.  In  particular,  among  the  dozen  or  so  more  strongly  influential 
Owenites  were  three  of  Robert  Owen's  sons  (Richard,  Robert  Dale,  and  David 
Dale)  as  well  as  William  Maclure. 

As  picturesquely  summarized  by  Wilson,  the  disintegration  of  the  Rappite 
social  system  and  then  the  Owenite  system  left  an  afterglow  "from  1 830  on  to  the 
end  of  the  century."  He  further  stated  (  Wilson,  1964,  pp.  190-191)  that  it: 

is  to  visualize  Owenism  on  the  Wabash  as  the  explosion  of 

a  rocket  and  the  varied  subsequent  activities  of  Owen's 
descendants  and  other  New  Harmonites  as  the  shower  of  sparks 
that  follows  a  rocket  bursting.  None  of  the  sparks  was  of  the 
brightness  or  magnitude  of  the  original  flash,  and  in  their 
scattering  there  was  no  central  brilliance  upon  which  the 
historian's  eye  can  focus,  such  as  the  "Community"  of  Owen's 
and  Maclure' s  time.  Each  went  its  own  way,  eccentric  and  alone; 
and  yet,  together,  they  created  an  "afterglow"  above  the  town's 
life  that  kept  it  unique  in  the  Middle  West,  and  indeed  in  the 
nation,  for  a  long  time. 

Wilson  (1964,  p.  188)  also  emphasized  this  notable  fact:  "Maclure  and  [Robert] 
Owen  installed  their  own  free  public  school  system  in  New  Harmony  nine  years 
before  the  state  began  to  support  public  schools  by  taxation,  and  their  free  public 
kindergarten  and  trade  school  can  be  called  the  first  in  the  western  world." 
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Uniquely  important  was  the  wealthy  Maclure's  influence  on  vocational 
training  through  the  development  of  the  Workingmen's  Institute  and  Library  in 
New  Harmony  in  1837.  When  Maclure  died  in  1840,  a  stipulation  in  his  will 
established  144  related  educational  facilities  in  different  parts  of  Indiana  that 
would  provide  at  least  a  reading  room  as  well  as  a  lecture  room  with  a  library 
containing  a  minimum  of  100  volumes.  This  beneficial  action  is  rarely  mentioned 
by  modem  historians,  but  such  widespread  contributions  to  enlightenment  at  the 
common  level  certainly  helped  pave  the  way  for  colleges  and  universities  in 
Indiana. 

Finally,  a  direct  influence  on  college  and  university  education  came  from  New 
Harmony  during  the  15  years  that  Richard  Owen  was  on  the  faculty  at  Indiana 
University  (1864-79).  There,  he  taught  primarily  chemistry,  geology,  and  other 
aspects  of  natural  science.  From  1872  to  1874,  interspersed  with  his  full  time  work 
at  Bloomington,  Richard  Owen  was  also  the  first  President  of  Purdue  (Day,  1986). 
His  organizational  plan,  which  was  rejected  by  the  new  trustees,  included  a 
curriculum  in  which  chemistry,  physics,  mathematics,  foreign  language,  and  English 
literature  were  required.  Of  course,  such  elements  of  higher  education  were  later 
adopted.  Thus,  through  Richard  Owen  and  his  firm  connections  with  the  Owenite 
spirit  of  New  Harmony,  both  of  the  nascent  major  state  universities  were  affected  by 
that  unique  cultural  gem  on  the  banks  of  the  Wabash. 

BEGINNING  AND  CURRENT 

GENERAL  STATUS  OF  INDIVIDUAL  OLDER 

HIGHER  EDUCATION  INSTITUTIONS  IN  INDIANA 

Against  this  condensed  background,  the  development  of  chemistry  at  many 
of  the  older  higher  education  institutions  in  Indiana  can  be  traced,  even  though 
the  presentation  must  be  challengingly  succinct  (Day,  1992,  pp.  561-591). 

Ball  State  University.  Ball  State  University  was  started  as  a  private  school 
in  1898,  and,  in  1918,  it  became  a  public  institution.  After  passing  through  a 
number  of  name  and  status  changes,  its  designation  became  Ball  State  Teachers 
College  in  1929.  In  1965,  the  school  acquired  university  status,  and  the  chemistry 
department  was  organized  with  P.  A.  Wiseman  as  its  first  head.  Four  years  later,  the 
university  gained  ACS  accreditation  for  professional  training  in  chemistry. 
Productivity  in  research  became  notable  in  the  latter  quarter  of  this  century, 
particularly  through  student  and  faculty  presentations  at  the  annual  meetings  of  the 
Indiana  Academy  of  Science.  Two  of  its  more  notable  graduates  in  chemistry  were 
Chester  Alter  (BS  '27;  AM  '28,  lU)  and  Jack  P.  Young  (BS  '50;  PhD  '55,  lU). 

Butler  University.  At  its  founding  in  1850,  the  institution  now  known  as 
Butler  University  was  designated  North- Western  Christian  University.  In  1879, 
the  name  was  changed  to  Butler  University.  The  first  faculty  appointments  (four) 
were  made  in  1855.  These  included  Robert  Milligan,  who  was  the  first  to  teach 
the  natural  sciences,  including  chemistry.  In  1888,  a  department  of  chemistry 
was  established.  Richard  B .  Moore  (1871-1931),  one  of  the  earliest  investigators 
of  the  noble  gases  and  radioactivity  in  America,  was  the  professor  of  chemistry 
there  from  1905  to  1911.  Then,  Moore  spent  15  years  away  from  academic 
responsibilities,  during  which  he  made  major  contributions  in  chemistry  and 
became  widely  recognized  for  his  work  on  the  noble  gases  and  radioactivity.  In 
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1926,  he  returned  to  Indiana  and  academic  responsibilities  as  Dean  of  the  School 
of  Science  and  head  of  the  Department  of  Chemistry  at  Purdue  University.  There, 
during  the  few  remaining  years  of  his  life,  as  expressed  by  M.G.  Mellon,  his  great 
"energy,  vision  and  leadership  were  soon  exhibited"  (Miles,  1976,  p.  345).  Arthur 
C.  Cope  (1909-1966;  AB  '29)  was  the  most  outstanding  chemistry  graduate  of 
Butler.  His  research  in  organic  chemistry  and  leadership  in  the  American 
Chemical  Society  brought  him  great  acclaim.  Cope  was  born  and  raised  in 
Indiana.  Both  Cope  and  Moore  brought  great  honor  to  the  State  by  being  included 
in  Miles'  (1976)  Hsting  of  517  Americans,  who,  in  their  lifetimes,  contributed  the 
most  to  the  development  and  progress  of  chemistry. 

DePauw  University.  DePauw  was  founded  in  1837  as  Indiana  Asbury 
University  and,  in  1884,  became  DePauw  University.  From  the  beginning,  DePauw 
has  been  connected  with  the  Methodist  Church.  The  first  catalog  (1839)  listed  a 
course  in  chemistry,  which  was  initially  taught  by  Matthew  Simpson,  the  first 
President  of  Asbury.  The  first  major  library  purchase  in  chemistry  was  the  highly 
valued  four-volume  reference  set  by  Thomas  Thomson,  A  System  of  Chemistry, 
which  was  published  in  1818.  Obtained  by  Asbury  in  1839,  its  purchase  was  made 
possible  through  funds  raised  by  the  Methodists  of  the  State  to  help  Asbury  acquire 
"philosophical  equipment"  and  library  resources.  During  the  remainder  of  the 
nineteenth  century,  other  prized  chemical  reference  works  and  journals  were  added 
(Cook,  1986,  p.  9),  including  "...the  German  Berichte,  the  American  Chemical 
Journal,  and  the  Journal  of  the  American  Chemical  Society.  In  a  few  years,  Liebig  *s 
Annalen,  the  Journal  of  the  Chemical  Society,  the  Journal  of  Industrial  Chemistry, 
and  Beilstein  's  Handbook  were  acquired."  Around  the  turn  of  the  century,  the 
well-balanced  chemistry  library  was  named  the  P.S.  Baker  Memorial  Library  in 
recognition  of  the  highly  promising  DePauw  alumnus  and  teacher  of  chemistry, 
Philip  S.  Baker,  who  died  in  1901  at  the  age  of  5 1 . 

Fortunately,  the  loss  of  Baker  was  immediately  followed  by  the  appointment 
of  William  M.  Blanchard,  then  at  Rose  Polytechnic  Institute  and  only  28  years  of 
age.  Blanchard' s  appointment  was  facilitated  by  W.A.  Noyes,  Sr.,  who  was  then 
the  head  of  chemistry  at  Rose.  At  the  same  time,  a  new  building,  named  the  D.W. 
Minshall  Laboratory,  was  being  constructed  at  DePauw.  From  the  beginning, 
Blanchard  had  a  strong  influence  on  the  development  of  library  resources  at  the 
school.  As  Cook  (1986,  p.  10)  wrote:  "Blanchard's  foresight  in  providing  for  this 
library  was  the  cornerstone  upon  which  rests  DePauw' s  success  as  a  home  in  a 
distinguished  liberal  arts  college  for  the  preparation  of  chemists."  Dr.  Blanchard 
served  in  chemistry  at  DePauw  from  1901  to  1941.  During  his  last  14  years,  he 
was  also  Dean  of  the  University.  Among  his  innumerable  decisions,  both  as  dean 
of  the  school  and  head  of  the  chemistry  department,  was  the  provision  for  the 
young  and  promising  Dr.  Percy  L.  Julian  to  conduct  a  fruitful  chemistry  research 
program  at  DePauw  involving  a  considerable  number  of  senior  chemistry  majors 
and  graduate  students.  Working  from  1932  to  1935,  the  group  ultimately 
synthesized  the  pharmacologically  important  substance  physostigmine.  Their 
work,  as  stated  by  Cook  (1986,  p.  16),  was  reported  in  a  number  of  articles  in  the 
Journal  of  the  American  Chemical  Society.  Concerning  the  key  article  in  the 
series,  Cook  (1986,  p.  16)  wrote  that  this  "is  undoubtedly  the  most  significant 
publication  to  come  from  this  institution." 
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Scores  of  DePauw's  graduates  have  made  important  contributions  in 
chemistry  or  related  fields,  including  John  M.  Buchanan  ('38),  Herbert  E.  Carter 
('30),  George  L.  Clark  ('  14),  and  Percy  L.  JuHan  ('20).  Three  of  the  four  also 
became  members  of  the  National  Academy  of  Sciences,  and  all  four  received 
honorary  degrees  from  DePauw  and  elsewhere  in  addition  to  various  other  honors 
and  appointments  to  positions  of  high  responsibility.  Special  honors  went  to  Dr. 
Julian,  including  naming  the  Science  and  Mathematics  Center  for  him  and 
establishing  the  Percy  L.  Julian  Memorial  Lectureship.  Much  is  owed  to  D.J. 
Cook  (PhD' 44,  lU)  for  leadership  in  chemistry,  beginning  as  a  faculty  member 
in  1945  and  continuing  even  after  his  retirement.  Cook  was  instrumental  in 
establishing  the  Julian  Memorial  Lectureship  and  in  stimulating  even  greater 
national  recognition  for  this  famous  DePauw  chemist. 

Earlham  College.  Started  in  1847  as  the  Friends  Boarding  School,  this 
institution  became  a  college  in  1859.  Chemistry  has  been  taught  there  regularly 
since  1860.  In  spite  of  extremely  limited  financial  resources  that  prevailed  into 
the  twentieth  century,  the  dedication  of  the  faculty  and  the  college's  loyal 
supporters  has  been  notable.  Two  long-term  teachers  and  leaders  in  chemistry  at 
Earlham  were  David  W.  Dennis  in  the  nineteenth  century  and  Laurence  E.  Strong 
in  the  twentieth.  The  latter' s  contributions  to  chemical  education  nationwide 
were  recognized  in  1971  by  the  ACS.  Notable  among  the  chemistry  graduates 
was  Wendell  M.  Stanley  (BS  '26),  who,  with  his  mentor  Roger  Adams  at  the 
University  of  Illinois,  published  13  papers  on  his  graduate  research.  In  1934, 
Stanley's  isolation  and  partial  chemical  characterization  of  tobacco  mosaic  virus 
stimulated  far-reaching  applications  of  chemistry  to  problems  in  virology.  For 
this  and  related  discoveries,  Stanley  received  the  Nobel  Prize  in  Chemistry  in 
1946  (Miles,  1976).  Equally  eminent,  but  for  different  reasons,  was  Harrison  E. 
Howe  (BS  '01).  He  was  memorable  for  his  lengthy  and  praiseworthy  service  as 
Editor  of  Industrial  and  Engineering  Chemistry  and  for  many  other 
decision-making  responsibilities  in  science  and  management,  including 
membership  on  the  board  of  the  Purdue  Research  Foundation.  His  several 
honorary  degrees  included  one  from  Rose  Polytechnic  Institute.  Thus,  during  his 
lifetime,  he  had  significant  connections  with  three  Indiana  educational 
institutions.  Howe  wrote,  edited,  and  gave  innumerable  lectures  through  most  of 
his  professional  life  (Miles,  1976). 

Hanover  College.  In  1832,  Hanover  Academy,  supported  by  the  Presbyterian 
Church,  became  Hanover  College.  A  chemistry  course  was  introduced  at  that  time. 
From  1879  to  1926,  Andrew  Young  taught  both  chemistry  and  botany.  As  judged 
by  Ned  Guthrie,  Young  was  "the  most  outstanding  teacher  ever  connected  with 
Hanover  College"  (Day,  1992,  p.  573).  From  1926  to  about  1947,  all  the 
chemistry  courses  were  taught  by  Guthrie,  who  devoted  considerable  attention 
to  the  subject  both  at  Hanover  and  in  his  contacts  with  teachers  throughout 
Indiana.  The  other  long-term  chemistry  teacher  at  Hanover  was  H.K.  White  (BS  '47, 
Butler;  MS  '50,  Purdue;  PhD  '54,  lU),  who  became  department  head  in  1957. 
H.W.  Wiley  (BA  1867)  was  Hanover's  most  notable  graduate.  Others  who 
became  widely  recognized  were:  C.P.  Sherwin  (BA  '09;  AM  '11,  lU),  J.L. 
Culbertson  (BA  '17;  AM  '18,  lU),  and  F.A.  Guthrie  (BA  '50;  MS  '52,  Purdue; 
PhD  '62,  lU). 
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Indiana  State  University.  This  institution  began  as  Indiana  State  Normal 
School  in  1870.  In  1929,  its  name  was  changed  to  Indiana  State  College;  then, 
in  1966,  the  present  name,  Indiana  State  University,  was  adopted.  Only 
fragmentary  aspects  of  chemistry  were  taught  before  1904.  In  that  year,  E.M. 
Bruce  (BA  1899,  lU)  began  teaching  several  different  chemistry  courses.  In 
1921,  Bruce  was  followed  by  P.D.  Wilkinson.  In  1946,  some  graduate  courses 
were  introduced  to  satisfy  teacher  certification  requirements.  By  the  time 
Wilkinson  had  retired  in  1963,  various  progressive  developments  had  occurred 
in  the  appointment  of  some  additional  professional  chemists.  In  1965,  with  the 
selection  of  W.B.  Bunger  as  department  head  and  the  consequent  broadening  of 
course  offerings  in  chemistry,  Indiana  State  received  ACS  accreditation. 

Indiana  University.  The  establishment  of  a  "state  university"  was  mandated 
at  the  State  Constitutional  Convention  in  1816.  Four  years  later,  the  new  State 
Government,  by  an  exceedingly  close  vote,  ordained  the  establishment  of 
"Indiana  Seminary"  to  begin  "a  general  system  of  education,  ascending  in  a 
regular  gradation  from  township  schools  to  a  state  university...."  The  first 
instruction,  with  one  teacher  and  ten  male  pupils,  began  in  1825.  In  1829,  the 
Seminary's  name  was  changed  to  Indiana  College,  and  in  1838,  the  change  was 
to  Indiana  University,  but  in  name  only.  The  first  chemistry  instruction  started 
about  1 830.  Marked  improvement  occurred  when  T.  A.  Wylie  came  in  1 837.  This 
inveterate  chemistry  and  physics  teacher-to-be  taught  both  subjects  until  1864, 
when  the  newly  appointed  Richard  Owen  took  responsibility  for  chemistry  and 
Wylie  continued  with  physics.  Each  had  other  teaching  responsibilities,  as 
described  by  Wylie  in  his  remarkably  informative  diaries,  which  chronicled 
activities  from  1832  to  1892  (copies  of  these  diaries  can  be  viewed  either  in  the 
Archives  of  Indiana  University  or  the  Archives  of  the  University's  Chemistry 
Department).  The  first  building  for  laboratory  instruction  in  chemistry  and  other 
sciences  was  erected  and  put  into  use  in  1840.  In  1874,  T.C.  Van  Niiys,  who  had 
received  his  advanced  training  in  Germany,  became  the  first  professor  of 
chemistry  allowed  to  devote  all  his  time  to  the  subject.  Van  Niiys  developed 
tuberculosis,  and  in  1895,  he  was  replaced  by  R.E.  Lyons  (1869-1946),  who  had 
also  received  his  advanced  chemical  education  in  Germany.  In  1938,  after  43 
years  as  head  of  the  department,  Lyons  precipitously  resigned.  Concurrent  with 
this,  under  the  beginning  presidency  of  H.B  Wells,  H.T.  Briscoe  (1893-1960) 
became  the  first  Chairman  of  the  department.  Briscoe  soon  became  the  first  Dean 
of  the  Faculties  and  University  Vice-President.  As  departmental  chairman,  he 
was  followed  in  1941  by  R.L.  Shriner  (1941-46).  About  this  time,  the  ACS  made 
a  tentative  decision  to  grant  accreditation  to  the  university  for  professional  training 
in  chemistry.  This  decision  was  not  finalized  until  1942.  The  Indiana  instimtions 
accredited  before  lU  were  DePauw,  Notre  Dame,  Purdue,  and  Wabash. 

With  the  firm  and  equitable  backing  of  Briscoe  and  others,  Shriner  made 
notable  progress  in  strengthening  chemistry  and,  indirectly,  other  sciences  in  the 
university  (Day,  1992).  Forty-one  years  later.  The  Gourman  Report,  a  highly 
credible  rating  of  graduate  and  professional  programs,  ranked  the  lU  chemistry 
department  fifteenth  in  the  nation  and  third  in  the  Big  Ten  (Gourman,  1983).  High 
ratings  have  continued.  For  much  of  the  twentieth  century,  scores  of  lU  chemistry 
graduates  have  made  notable  contributions  in  science  and/or  other  areas  of  human 
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endeavor.  Limiting  the  specific  identifications  to  eight,  I  judge  the  most 
influential  graduates  to  be:  Earl  Blough,  H.T.  Briscoe,  H.S.  Gutowsky,  F.C. 
Mathers,  Frank  P.  Popoff,  W.L.  Roelofs,  W.J.  Sparks,  and  J.C.  Warner.  Along 
with  numerous  other  honors,  Gutowski  and  Roelofs  received  the  National  Medal 
of  Science  in  1977  and  1983,  respectively  (Day,  1992). 

Consideration  of  chemistry  and  the  chemists  at  other  campuses  within  the  lU 
System  has  been  omitted,  because  these  programs  are  still  quite  young. 

Manchester  College.  Manchester  College  was  founded  in  1889,  and  since 
1895,  it  has  been  under  the  auspices  of  the  Church  of  the  Brethren.  Progress 
toward  a  significant  department  of  chemistry  was  begun  in  1911  by  Edward 
Kintner,  whom  the  record  indicates  taught  chemistry  and,  at  different  times,  some 
other  subjects,  including  entomology,  botany,  physics,  zoology,  and  genetics. 
After  1923,  when  chemistry  and  physics  became  departments,  Kintner  gave 
considerable  time  to  the  biological  sciences.  In  1923,  Carl  W.  Holl  was  made  the 
first  Chairman  of  chemistry.  One  of  the  national  honors  awarded  to  Holl,  which 
reflected  favorably  on  the  college,  was  his  selection  by  the  ACS  in  1958  as  one 
of  six  college  teachers  to  receive  the  Manufacturing  Chemists  Association  Award 
for  the  outstanding  teaching  of  chemistry.  From  1957  to  1970,  Harry  R.  Weimer 
was  the  Chairman,  and,  like  his  predecessors,  he  taught  the  various  introductory 
courses  that  were  offered.  Weimer  was  succeeded  by  Edward  G.  Miller.  Of  the 
chemistry  graduates  of  Manchester  College,  who  attained  distinction,  the  most 
notable  was  Paul  J,  Flory  (BS  '31),  who  received  the  Nobel  Prize  in  Chemistry 
in  1974.  Flory  was  also  awarded  the  National  Medal  of  Science  in  1975.  He  is 
known  for  his  work  with  synthetic  fibers,  rubber,  and  other  polymeric  substances. 
Another  noted  graduate  was  Ray  J.  Plunkett,  who  discovered  Teflon  in  1939.  For 
this  achievement,  Plunkett  was  named  to  the  National  Inventor's  Hall  of  Fame  in 
1985.  Other  graduates  include  Clem  Miller,  Clarence  M.  Neher,  Paul  E.  Weimer, 
and  Wendell  W.  Meyer. 

Purdue  University.  As  a  result  of  the  Morrill  Act  of  1862  and  the 
generosity  of  John  Purdue,  Purdue  University  opened  in  1874  to  provide  an 
agricultural  and  technical  education.  The  first  professor  of  chemistry  was  H.W. 
Wiley,  who  had  also  spent  a  short  time  on  the  faculty  of  what  is  now  Butler 
University.  Wiley  concentrated  on  analytical  chemistry,  particularly  sugar 
analysis  and  the  detection  of  adulterated  foods.  Wiley  left  Purdue  in  1883  to 
work  for  the  Federal  Government  developing  guidelines  for  the  purity  and  safety 
of  foods  and  drugs. 

The  most  notable  of  all  the  Purdue  chemistry  faculty  is  H.C.  Brown,  who  won 
the  1979  Nobel  Prize  in  Chemistry  and  the  1980  ACS  Priestley  Medal.  Another 
well-respected  Purdue  chemist  was  M.G.  Mellon  (1893-1993),  who  joined  the 
faculty  in  1919  and  remained  active  until  just  before  he  died.  Two  widely 
recognized  and  highly  honored  agricultural  biochemists  at  Purdue  are  E.T.  Mertz 
and  R.L.  Whistler.  Mertz  was  a  codiscoverer  of  high  lysine  com;  Whistler 
worked  in  polysaccharide  chemistry.  A  large  number  of  Purdue's  chemistry 
alumni  have  been  recognized  for  their  accomplishments.  H.N.  McCoy 
(1870-1945)  is  especially  notable.  Among  his  achievements  was  the  proof  that 
radioactivity  is  an  atomic  property.  McCoy  won  the  Willard  Gibbs  Medal  in 
1937.    Each  year,  Purdue  presents  the  Herbert  Newby  McCoy  Award  for  the 
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greatest  Purdue-connected  contribution  of  the  year  in  science.  Mertz  received 
this  award  in  1967. 

Consideration  of  chemistry  at  Purdue's  regional  campuses  was  omitted 
because  these  programs  are  still  quite  young. 

Rose-Hulman  Institute  of  Technology.  Founded  in  1874,  the  school  was 
first  called  Rose  Polytechnic  Institute.  The  current  name  was  adopted  in  1971. 
Although  the  first  degrees  in  chemistry,  physics,  and  mathematics  were  awarded 
in  1960,  courses  in  these  fields  were  offered  almost  from  the  beginning  of  the 
Institute.  Over  the  years,  several  of  the  chemistry  teachers  at  Rose  became  widely 
recognized.  The  most  noted  was  W.A.  Noyes,  Sr.,  who  taught  there  from  1886 
to  1903.  During  this  time,  his  son,  W.A.  Noyes,  Jr.,  was  bom  in  Terre  Haute. 
Among  the  honors  eventually  shared  by  both  father  and  son  was  the  Presidency 
of  the  ACS.  Both  were  long  time  Editors  of  the  Journal  of  the  American  Chemical 
Society  and  Chemical  Reviews.  In  1932,  the  two  co-authored  the  book.  Modem 
Alchemy.  During  the  elder  Noyes'  last  two  years  at  the  Institute,  Austin  M. 
Patterson  was  a  member  of  the  chemistry  faculty.  By  1909,  Patterson  had  become 
Editor  of  Chemical  Abstracts,  a  position  he  retained  for  many  years.  Faculty 
leadership  at  Rose-Hulman  has  remained  strong.  Among  its  better  known 
chemistry  graduates  were  Norman  Cromwell  (1935)  and  E.R.  Davidson  (1958). 
Both  were  bom  in  Terre  Haute.  The  latter  received  his  PhD  from  lU. 

Taylor  University.  The  institution  was  organized  as  the  Fort  Wayne  Female 
College  in  1846.  In  1890,  control  passed  to  the  National  Association  of  Local 
Preachers  of  the  Methodist  Episcopal  Church.  At  that  time,  the  present  name  was 
adopted  in  honor  of  Bishop  William  Taylor.  Apparently,  the  first  Taylor 
chemistry  instructor,  who  held  a  PhD  in  chemistry,  was  G.H.  Evans.  He  was  in 
charge  of  chemistry  at  Taylor  from  1933  to  1941.  S.L.  Burden  (PhD  '66,  lU)  has 
been  responsible  for  chemistry  there  since  1979.  Aided  by  student  researchers. 
Burden  has  worked  on  improving  portable  blood  electrolyte  analyzers  as  well  as 
a  number  of  other  projects.  Burden's  overall  research  objective  is  improvement 
of  biosensor  technology  having  clinical  applications. 

University  of  Evansville.  This  university  opened  in  1919  under  Methodist 
sponsorship  as  Evansville  College.  In  1967,  it  became  the  University  of 
Evansville.  The  now  defunct  Moores  Hill  College  was  its  predecessor.  From 
1921  to  1954,  dynamic  and  meticulous  Alvin  Strickler  was  head  of  the  chemistry 
department.  During  this  period,  the  chemistry  department  became  one  of  the 
strongest  in  the  college.  Lowell  E.  Weller  became  department  head  in  1957. 
Soon  thereafter,  ACS  accreditation  for  professional  training  in  chemistry  was 
attained.  A  substantial  number  of  the  graduates  became  productive  in  chemistry. 
Ralph  L.  Seifert  (AB  '34),  who  joined  lU's  chemistry  faculty  in  1949,  had  the 
greatest  success  both  in  teaching  and  research  (Day,  1992). 

University  of  Indianapolis.  In  1902,  Indiana  Central  College  was 
established  by  the  United  Brethren  Church,  which  later  merged  with  the 
Methodist  Church.  About  1990,  the  school's  name  was  changed  to  the  University 
of  Indianapolis.  No  sustained  program  in  chemistry  existed  until  the  appointment 
of  Robert  Brooker  in  1951.  Brooker  retired  in  1968  and  was  succeeded  by 
Kenneth  Borden.  Since  1946,  all  the  chemistry  courses  offered  have  been  taught 
by  chemists. 
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University  of  Notre  Dame.  This  institution  was  founded  by  the  Catholic 
Church  in  1842.  Chemistry  was  first  taught  around  1852.  The  first  special  course 
was  qualitative  analysis,  started  in  1874  by  Rev.  Joseph  Carrier.  (In  that  year, 
qualitative  and  quantitative  analysis  also  became  the  focus  of  attention  at  lU  and 
Purdue.)  The  Centennial  of  Science  at  Notre  Dame,  1865-1965  was  celebrated 
in  1965.  Dr.  Milton  Burton  was  the  Chairman  of  the  Centennial  Celebration.  A 
comprehensive  but  succinct  historical  record  was  published.  A  widely 
appreciated  member  of  the  chemistry  faculty,  L.H.  Baldinger  (1965,  pp.  28-32), 
was  the  principal  contributor  concerning  the  Department  of  Chemistry.  The  year 
1 865  also  marked  the  beginning  of  a  curriculum  in  science  leading  to  the  degrees 
of  Bachelor  of  Science  and  Master  of  Science.  In  1940,  the  joint  administration 
of  chemistry  and  chemical  engineering  was  discontinued.  Some  of  the 
department  heads  or  chairmen  beginning  in  1945  included  C.C.  Price,  G.F. 
D' Alelio,  E.L.  Eliel,  J.L.  Magee,  J. P.  Freeman,  R.K.  Bretthauer,  and  T.P.  Fehlner. 
Interdisciplinary  programs  closely  linked  the  Radiation  Laboratory  with  several 
faculty  members  in  the  Department  of  Chemistry,  including  Milton  Burton,  who 
was  Director  until  he  retired  in  1971.  The  most  outstanding  chemist  at  the 
university  was  Rev.  Julius  A.  Nieuwland,  who,  beginning  as  a  student  in  1904, 
worked  both  in  botany  and  chemistry.  His  landmark  research  on  acetylene  in  the 
early  1920s  led  him  to  become  director  of  research  in  organic  chemistry.  In  1926, 
he  "disclosed  his  now-famous  catalytic  polymerization  of  acetylene  which  gave 
rise  to  the  basic  patents  in  the  manufacture  of  Neoprene"  (Baldinger,  1965,  p.  30). 
The  royalties  from  this  work  were  used  in  several  beneficial  ways  at  Notre  Dame, 
including  the  funding  of  a  major  proportion  of  the  construction  costs  for  the 
Nieuwland  Science  Hall  (Day,  1992). 

Valparaiso  University.  This  institution  is  the  outgrowth  of  a  succession  of 
small,  for-profit  schools,  the  first  of  which  opened  in  1859.  Apparently  no 
laboratory  instruction  occurred  prior  to  1874.  In  1925,  the  Lutheran  Church 
became  the  not-for-profit  owners.  Within  four  years,  many  departments, 
including  chemistry,  were  created.  Among  Valparaiso's  prominent  chemists 
were  R.G.  Larson,  head  of  the  department  from  1951  to  1956  and  the  recipient 
of  a  PhD  from  Purdue  in  1937;  T.C.  Schwan  (1957-1959),  who  received  his  PhD 
from  Notre  Dame  in  1953;  and  J.F.  Deters,  who  was  the  chairman  from  1965  to 
1970.  B.L.  Ferguson  (AM  '50,  lU)  joined  the  Valparaiso  faculty  in  1950  and 
remained  there  throughout  his  professional  life.  A.G.  Cook  became  chairman  in 
1970.  The  institution  is  now  accredited  by  the  ACS  for  the  professional  training 
of  chemists.  Among  the  notable  graduates  of  Valparaiso  were  L.P.  Hager  (AB  '47) 
and  Edith  Schroeder  Lessor  (BS  '52;  PhD  '55,  lU). 

Wabash  College.  This  school  was  founded  in  1 832  and  is  unique  in  retaining 
both  the  same  name  as  well  as  its  policy  of  admitting  only  male  students  up  to 
the  present  time.  From  the  mid- 1830s  to  the  mid- 1870s,  only  one  person,  E.G. 
Hovey,  taught  chemistry  (along  with  a  number  of  other  courses).  Primary 
attention  was  given  to  qualitative  and  quantitative  analysis.  Some  of  the  other 
chemists,  who  taught  at  Wabash  between  Hovey  and  R.G.  Miller  (who  was  hired 
in  1982)  were  H.R.  Thomson,  E.R.  Lewis,  Alexander  Smith,  W.E.  Chamberlain, 
W.O.  Emery,  J.B.  Garner,  J.M.  Breckenridge,  C.H.  Johnson,  F.C.M.  Smithson, 
L.R.  Howell,  E.L.  Haenisch,  and  P.C.  McKinney.  Howell  and  then  Haenisch  did 
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the  most  to  advance  professional  chemistry.  Hovey  and  his  wife,  Mary  Carter 
Hovey,  were  notable  in  attracting  large  gifts  to  the  college.  Haenisch  had  a 
national  reputation  in  chemical  education.  Some  of  the  most  prominent  chemistry 
alumni  included  T.W.  Mastin,  long-time  President  of  the  Lubrizol  Corporation; 
R.S.  Schreiber,  Vice  President  for  Research  in  the  Upjohn  Company;  and  W.J. 
Haines,  Director  and  Executive  Committee  member  of  the  Johnson  and  Johnson 
Company  (Day,  1992). 

PERSPECTIVES  ON  THE  STATUS  AND  PROSPECTS 

IN  CHEMICAL  EDUCATION  AND  RESEARCH 

REFLECTED  IN  RECENT  GRANTING  OF 

CHEMISTRY  DEGREES  IN  INDIANA 

Table  1  clearly  illustrates  through  the  number  of  degrees  awarded  that  ample 
opportunity  exists  for  learning  about  chemistry  at  many  of  the  colleges  and  universities 
in  Indiana.  Presumably,  the  data  for  other  disciplines  would  be  comparable.  Moreover, 
both  the  private  and  public  sectors  of  higher  education  are  contributing  significantly 
now  as  they  have  in  the  past.  Such  balance  is  very  important. 

Table  1  also  shows  the  remarkable  degree  of  cooperation  which  prevails 
between  public  institutions,  especially  lU  and  Purdue,  in  providing 
comprehensive  training  in  chemistry  in  different  parts  of  the  State.  The  large 
campuses  at  Fort  Wayne  and  Indianapolis  are  connected  to  both  Indiana  and 
Purdue.  Regional  campuses  accredited  by  the  ACS  for  professional  training  in 
chemistry  include  Indiana  University  Northwest,  South  Bend,  and  Southeast. 
Calumet  is  an  accredited  member  of  the  Purdue  System. 

In  all  these  colleges  and  universities,  from  their  inception  to  the  present  time, 
a  liberal  arts  perspective  has  been  required  for  graduation  in  chemistry  and  related 
disciplines.  Such  breadth  of  preparation  should  be  maintained. 

However,  a  lamented  deficiency  is  the  lack  of  adequate,  readily  available 
histories  of  chemistry  and  related  disciplines  for  many  schools.  Even  a  short  booklet, 
such  as  D.J.  Cook's  (1986)  regarding  the  history  of  chemistry  at  DePauw,  has  much 
merit.  Such  records  are  needed  to  aid  future  historians  and  academic  planners. 
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ABSTRACT:  Charles  Darwin,  the  author  of  On  the  Origin  of  Species,  attracted  letters 
from  all  over  the  world.  Of  the  nearly  15,000  known  letters  that  make  up  his 
correspondence  is  one  exchange  of  letters  with  a  young  man  from  Indianapolis.  Charles 
E.  Ferguson,  then  23  years  of  age,  wrote  Darwin  in  1879  asking  him  for  a  list  of  books 
which  would  cover  the  "entire  ground"  of  evolution.  Darwin  responded  two  weeks  later 
with  a  short  list  of  books  for  Ferguson  to  read.  Over  the  next  several  years,  Ferguson 
corresponded  with  Ernst  Haeckel,  Joseph  Hooker,  Richard  Owen,  Joseph  LeConte, 
Alfred  R.  Wallace,  Edward  Waldo  Emerson,  and  Thomas  A.  Edison.  Ferguson  went  to 
medical  school  in  Indianapolis  in  1 890  and  became  a  respected  teacher  and  physician. 
He  was  instrumental  in  the  detection  of  typhoid  bacteria  in  the  White  River  and  the 
Indianapolis  water  supply.  At  the  time  of  his  death  in  1945,  he  had  held  the  title.  Professor 
Emeritus,  longer  than  any  other  faculty  member  at  Indiana  University. 

KEYWORDS:  Charles  Darwin,  Charles  Eugene  Ferguson. 


Charles  Darwin,  best  known  for  his  theory  of  evolution  by  natural  selection, 
carried  on  a  global  correspondence  of  more  than  15,000  letters.  One  of  those 
letters  involved  a  resident  of  Indiana,  a  23-year  old  man  from  Indianapolis,  who 
wrote  Darwin  on  December  27,  1879. 

The  letter  is  in  the  Darwin  collection  in  the  Cambridge  University  Library 
and  is  reprinted  courtesy  of  the  Syndics  of  Cambridge  University  Library: 

Indianapolis  Ind.  Dec.  27,  1879, 
Mr.  Charles  Darwin. 
Dear  Sir. 

Knowing  your  authority  on  the  theory  of  evolution  as  relating  to 
man,  I  take  the  liberty  of  of  [sic]  asking  you  if  you  will  be  so  kind  as 
to  give  me  a  list  of  books  on  the  subject,  such  as  a  person  desiring  to 
cover  the  entire  ground  may  need.  By  doing  this  you  will  greatly 
oblige 

yours  very  sincerely 
Charles  E.  Ferguson 

Darwin  responded  one  month  later  with  a  brief,  handwritten  note  which  is  now 
preserved  in  Indiana  University's  Lilly  Libraiy. 

Jan  12/80 
Dear  Sir 

If  you  will  read  Haeckel' s  "Evolution  of  Man"  -  if  this  translation 
has  appeared  in  America,  or  his  Schophengeschichten.  -  and  my 
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Descent  of  Man,  I  think  that  you  will  find  reference  to  everything 
important. - 
Dear  Sir 
yours  faithfully 
Ch.  Darwin 
Who  was  this  correspondent,  and  what  was  his  purpose  in  contacting  Darwin? 

Charles  Eugene  Ferguson  was  born  on  May  29,  1856,  in  Indianapolis  and 
attended  school  in  the  Marion  County  Courthouse  and  later  in  the  old  church  on 
Monument  Circle.  After  completing  grade  school,  Ferguson  started  work  at 
Hibben-Kennedy,  a  wholesale  dry  goods  company  located  on  South  Meridian 
(Turk,  1943). 

No  record  exists  as  to  why  Ferguson  contacted  Darwin.  Perhaps  he  was 
interested  in  obtaining  Darwin's  autograph.  But  subsequent  correspondence  with 
other  noted  scientists  and  literary  figures  does  suggest  that  the  young  Ferguson, 
for  religious  reasons,  was  deeply  interested  in  the  subject  of  evolution.  The 
evidence  is  not  apparent  in  the  Darwin  letter  but  is  so  in  his  correspondence  with 
other  famous  people  during  the  same  year  he  wrote  Darwin. 

On  January  20,  1880,  just  8  days  after  Darwin's  letter  was  written,  Ferguson 
received  a  letter  from  Ernst  Haeckel.  The  letter  is  written  in  German  and  also 
contains  a  hst  of  books  for  Ferguson's  review. 

On  January  27,  1880,  Ferguson  received  a  letter  from  William  B.  Carpenter, 
a  physician  in  London,  who  had  reviewed  Darwin's  Origin  of  Species. 
Carpenter's  letter  provides  Ferguson  with  a  list  of  tides  on  "spiritualism  and 
mesmerism."  Carpenter  relates  to  Ferguson  that  a  recent  expose  had  been  made 
of  a  spiritualist  in  London,  who  had  been  labeled  as  a  fraud  after  being 
scientifically  tested. 

Three  weeks  later,  on  February  17,  1880,  Ferguson  received  a  letter  from 
Edward  Waldo  Emerson,  son  of  Ralph  Waldo  Emerson,  responding  to  Ferguson's 
question  as  to  whether  the  senior  Emerson  "had  changed  his  religious  beliefs  and 
accepted  the  doctrines  of  the  Orthodox  Congregationalists."  The  letter  details 
that  claims  by  a  Rev.  Joseph  Cook  in  a  public  lecture  and  printed  in  papers  around 
the  country  were  "in  every  respect  incorrect." 

The  next  letter  Ferguson  received  was  from  John  W.  Dawson,  a  Canadian 
geologist,  who  wrote  a  negative  review  of  the  Origin  of  Species,  allegedly  without 
having  read  the  book.  Dawson's  letter  provided  Ferguson  with  references  that 
were  opposed  to  Darwin's  writings,  including  the  Duke  of  Argyll's  /?^/g/i  of  Law, 
which  attacked  the  concept  of  natural  selection. 

March  brought  letters  from  Joseph  Hooker,  Richard  Owen,  and  John 
Lubbock,  all  including  references  to  books  for  Ferguson  to  review.  On  March  4, 
1 880,  Ferguson  received  a  long  letter  from  Joseph  LeConte  answering  Ferguson' s 
apparent  question  with  "I  know  of  no  book  on  theistic  evolution."  LeConte  also 
lists  several  papers  and  books  written  for  the  purpose  of  reconciling  science  and 
religion. 

The  next  letter  on  the  subject  was  received  two  years  later  from  Alfred  Russell 
Wallace.  The  letter  was  written  almost  two  months  after  Darwin's  death  and 
attempted  to  answer  Ferguson's  question  about  the  French  and  German  reaction 
to  natural  selection. 
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No  record  exists  to  indicate  that  Ferguson  did  anything  more  with  these  letters 
and  others  from  such  people  as  Edison,  except  save  them.  Ferguson  married  in 
1882  and  moved  to  Orlando,  Florida,  two  years  later,  where  he  lived  for  six  years. 
In  1 890,  he  and  his  wife  moved  back  to  Indianapolis,  where  he  enrolled  in  the 
Medical  College  of  Indianapolis.  He  set  up  practice  on  Ohio  Street  after 
graduation  in  1892  (Turk,  1943). 

Dr.  Ferguson  was  head  of  the  City  Hospital  for  one  year,  after  which  he 
resigned  to  become  Secretary  of  the  City  Board  of  Health.  In  his  work  at  the 
Board  of  Health,  Dr.  Ferguson  made  his  greatest  contribution  to  the  city  of 
Indianapolis.  "I  detected  pollution  in  the  White  river.  I  examined  the  water  for 
three  or  four  days  before  I  reported  my  findings  to  Dr.  Frank  Morrison,  president 
of  the  health  board.  He  told  me  to  call  in  the  newspaper  reporters  and  let  them 
inform  the  public."  City  water  officials  claimed  the  water  could  not  contaminate 
the  city's  drinking  supply,  but  two  years  later.  Dr.  Ferguson  discovered  that  the 
fire  department's  horses  would  not  drink  from  the  public  fountains.  His  testing 
showed  that  the  water  had  been  tainted  with  typhoid  bacteria.  Filters  were  finally 
installed  to  correct  the  problem  that  Ferguson  had  discovered  two  years  earlier 
(Turk,  1943). 

Dr.  Ferguson  became  a  professor  of  bacteriology  at  Indiana  University 
Medical  School.  But  like  many  Americans  during  the  first  two  decades  of  the 
century,  Dr.  Ferguson  was  drawn  to  war.  In  1905,  he  was  in  Japan  during  the 
Russo-Japanese  War.  In  1913,  he  watched  the  fighting  between  the  Greek  and 
Turkish  navies  during  the  First  Balkan  War.  He  left  lU  and  served  in  World  War 
I  in  the  Volunteer  Medical  Corps.  After  his  return,  he  left  the  classroom  again  to 
combat  the  flu  epidemic  that  struck  Indianapolis  (Anon,  1945). 

In  1922,  Dr.  Ferguson  lost  his  sight,  forcing  an  end  to  his  teaching  career. 
But  he  never  stopped  learning.  He  soon  started  "reading"  by  listening  to 
phonograph  records  of  books  and  taking  postgraduate  courses  from  the  University 
of  Illinois,  which  broadcast  courses  over  the  radio  (Turk,  1943). 

When  Dr.  Ferguson  died  on  May  18,  1945,  he  had  held  the  title  of  Professor 
Emeritus  of  Indiana  University  longer  than  any  other  individual.  The  obituaries 
make  no  mention  of  his  correspondence  with  many  famous  scientists  of  the  1 880s, 
and  he  did  not  mention  them  during  his  last  interview,  given  in  1943.  For  him, 
the  letters  were  not  an  essential  part  of  his  many  important  contributions  to 
Indiana.  For  us,  they  show  a  young  man  with  questions,  who  asked  the  most 
important  scientists  of  the  day  for  help.  His  inquisitive  nature  fueled  a  successful 
career  in  medicine  and  public  health  that  benefited  the  residents  of  Indianapolis 
(Anon,  1945). 
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ABSTRACT:  The  twelve  islands  and  islets  of  the  Lindsey  Group  (73°37'  S  by  103°18' 
W)  were  reached  on  24  February  1940  by  Admiral  R.E.  Byrd,  while  he  navigated  a  flight 
from  the  Bear  to  the  longest  unknown  coast  of  Antarctica.  In  1968  and  1975,  two 
topographic  engineers  of  the  U.S.  Geological  Survey  worked  on  one  or  both  of  the  two 
largest  islands.  In  1992,  six  geologists  worked  briefly  on  Island  1  of  the  northern 
subgroup,  and  some  of  them  also  worked  on  Island  2  and  on  the  southwestern  subgroup's 
main  island.  The  base  rock  is  pink  megacrystic  granite  with  many  quartz  diorite  and 
gabbro  dikes  up  to  15  m  thick.  Adelie  penguins  and  skua  gulls  breed  abundantly,  and 
leopard  seals  are  common.  Many  elephant  seals,  but  neither  Weddell  nor  crab-eater  seals, 
were  reported.  The  first  large-scale  map  of  this  island  group  is  published. 

KEYWORDS:  Antarctic  coastal  maps,  antarctic  exploration,  antarctic  fauna,  antarctic 
ice  tongues,  antarctic  islands,  R.E.  Byrd,  geographic  names,  Hubert  Wilkins. 

INTRODUCTION 

The  last  and  least  known  part  of  the  antarctic  coast  bounds  the  Amundsen 
Sea  and  Bellingshausen  Sea  divisions  of  the  Pacific  Ocean.  Until  1940,  this  area 
was  by  far  the  longest  continuous  stretch  of  coast  on  earth  to  remain  uncharted; 
it  posed  a  particular  challenge  to  Admiral  Byrd  during  his  mid-career.  The 
Lindsey  Islands  lie  off  the  Canisteo  Peninsula  within  the  central  third  of  this 
coastal  segment,  where  a  conspicuous  general  trend  of  coastline  runs  north-south 
rather  than  east-west,  leading  in  to  Pine  Island  Glacier  and  Bay. 

The  Lindsey  Islands  (Figure  1)  are  significant  disproportionately  to  their  size. 
The  largest  is  only  0.2  mile  from  the  adjacent  mainland  peninsula  on  which 
helicopter  pilots  refused  to  land.  In  contrast  to  the  peninsula,  this  island  is 
extensively  ice-free  in  summer  with  good  landing  and  camping  sites.  It  is 
strategically  located  and  accessible  in  summer  for  its  automatic  weather  station 
and  permanent  triangulation  stations  for  mapping.  Three  experts  in  high-tech 
satellite  positioning  worked  onshore  in  1992  to  fix  the  triangulation  station 
locations  precisely,  tying  into  the  Global  Positioning  System,  a  distinction 
accorded  few  antarctic  locations.  The  exposed  bedrock  gives  geologists  access 
to  the  same  formations  which  along  the  mainland  coast  are  largely  hidden  under 
perennial  ice.  These  low  islands  provide  hauling-out  spots  and  rookery  sites  for 
marine  mammals  and  oceanic  birds  at  or  near  the  extreme  southern  limits  of  their 
breeding  ranges. 
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Figure  1 .  The  two  subgroups  of  the  Lindsey  Islands  and  the  Canisteo  Peninsula 
(C)  of  mainland  Antarctica.  Each  subgroup,  the  northern  and  southwestern,  has 
six  islands  and  islets.  The  largest  islands  (1  and  2)  are  in  the  northern  subgroup. 
Five  of  the  twelve  islands  are  0.25  mile  or  more  in  length.  From  U.S.  Navy 
airphotos  of  23  January  1960. 

EARLY  APPROACHES,  DISCOVERY,  AND  NAMING 


Sir  Hubert  Wilkins  was  the  first  (1930)  airborne  explorer  in  Antarctica.  He 
came  closer  to  the  Lindsey  Islands  than  anyone  else  prior  to  Byrd's  finding  them 
in  1940.  On  1 1  February  1930,  Wilkins  and  two  crewmen  took  off  from  the  sea 
at  the  British  research  vessel  William  Scoresby.  Weather  conditions  were 
execrable  throughout;  very  little  was  seen,  and  Wilkins'  navigation  was  highly 
inaccurate.  His  map  incorrectly  shows  that  they  followed  the  meridian  of  101° 
W.  Long,  in  both  directions  and  that  they  turned  back  at  73°  S.  Lat.  The  first  was 
quite  impossible,  for  all  modern  maps  show  that  the  101°  meridian  would  have 
taken  them  across  the  full  width  of  the  mountainous  Thurston  Island  and  many 
miles  farther  over  the  mountainous  continent  itself.  The  plane  was  flying  less 
than  500  feet  above  the  sea,  which,  together  with  icebergs,  clouds,  and  snow,  was 
all  the  men  saw. 

Wilkins  (1930)  wrote,  "It  is  probable  that  in  clear  weather,  from  our  farthest 
south,  we  could  have  seen  land  ahead;  but  we  saw  no  definite  indication  of  it." 
At  the  crucial  turning  point,  "The  gray,  misty  snowstorm  had  closed  us  in 
completely.  To  make  a  right  turn  and  steady  our  compass  was  not  an  easy  matter." 
He  makes  no  comment  on  the  hazards  they  survived,  which  were  clearly 
horrendous. 

Any  close  determination  of  where  they  were  on  this  flight  is  clearly 
impossible,  but  it  was  somewhere  in  the  northern  part  of  Greater  Pine  Island  Bay 
of  Amundsen  Sea,  possibly  as  far  south  as  the  Lindseys  but  well  to  the  west  of 
them. 
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Later  in  the  same  year  as  Wilkins'  flight,  Admiral  Richard  E.  Byrd  flew  to 
the  South  Pole,  the  last  stop  this  side  of  the  moon. 

Byrd,  on  his  second  or  1933-35  antarctic  expedition  (Byrd,  1935)  was  planner 
and  navigator  for  several  flights  from  the  flagship  Pacific  Fir,  seeking  the  coasts 
of  the  Amundsen  and  Bellingshausen  Seas.  The  present  writer  served  on  the 
Iceberg  Watch  and  as  the  zoologist  during  this  cruise.  The  coast  was  not  seen, 
but  the  voyage  erased  vast  extents  of  presumed  land  from  contemporary  maps. 
The  ship  had  approached  within  85  miles,  we  later  learned,  of  the  coast  and  370 
miles  of  the  still  unmapped  and  unnamed  Lindsey  group  before  turning  back 
westward  toward  our  Bay  of  Whales  base  for  the  winter. 

Byrd's  major  personal  effort  during  his  next  expedition  (U.S.  Antarctic 
Service)  was  concentrated  on  this  long  coast  in  a  twin-engine  Barkley-Grow 
seaplane  carried  by  the  Bear.  He  saw  the  Lindsey  Islands  from  the  air,  along  with 
crewmen  Ashley  Snow  and  Earl  Perce,  on  24  February  1940  (Hawthorne,  1945). 
The  flights  made  about  this  time  revealed  800  miles  of  new  coastline  and  more 
than  100,000  square  miles  of  new  land. 

The  twelve  Lindsey  Islands,  located  at  73°37'  S  by  103°18' W  were  officially 
named  in  early  1960  (Bertrand,  1971)  for  Alton  A.  Lindsey  of  Byrd's  second 
antarctic  trip  by  the  U.S.  Board  of  Geographic  Names  on  the  recommendation  by 
its  Advisory  Board  on  Antarctic  Names.  Various  other  features  were  also  named 
for  certain  members  of  the  Ice  Parties  of  Byrd's  first  (1928-30)  and  second 
antarctic  trips.  In  practically  all  cases,  the  individual  has  never  seen  the  feature 
named  for  him.  Lindsey  (1983)  first  heard  of  the  namings  by  chance  in  1963. 

Before  assuming  the  vertebrate  zoologist  post  for  BAE  II  in  1933,  Lindsey 
was  a  graduate  teaching  assistant  at  Cornell  University  with  a  Ph.D.  Committee 
consisting  of  zoology  professors  Arthur  A.  Allen,  James  G.  Needham,  and  A.H. 
Wright  and  botanist  Arthur  J.  Eames.  During  summers,  Lindsey  was  employed 
by  the  National  Park  Service  at  Mount  Rainier  as  a  ranger-naturalist,  museum 
collector,  taxidermist,  and  summit  guide.  On  heading  south  in  October  1933,  he 
was  26,  the  average  age  of  the  56  Ice  Party  members.  The  thirteen  months  of 
zoological  work  at  Litde  America  II,  1,010  miles  west  of  the  Lindsey  Islands, 
resulted  in  five  journal  articles  (Lindsey,  1937,  1938,  1939,  1940;  Siple  and 
Lindsey,  1937). 

POST-DISCOVERY  HISTORY 

The  information  in  this  section  was  obtained  in  1993-94  from  interviews  and 
correspondence  with  the  persons  credited  herein. 

The  first  humans  to  set  foot  on  any  of  the  Lindsey  Islands  were  topographic 
engineers  Karl  Eissinger  and  the  late  Klaus  Anderson,  who  landed  on  7  December 
1968.  They  constituted,  that  summer,  one  of  the  two  surveying  teams  of  the 
ongoing  Pine  Island  Bay  Project  of  the  U.S.  Geological  Survey,  with  tactical 
support  by  the  Navy.  The  two  men  and  two  assistants  established  Station  Frieda 
(named  for  Eissinger' s  mother)  at  the  highest  point  (123  feet)  on  Lindsey  1, 
sinking  a  bench-mark  into  the  granite  and  erecting  signal  panels  at  several  stations 
to  guide  aerial  photography. 

The  1973-74  summer  was  an  ice-bound  one,  and  a  research  ice-breaker  failed 
to  reach  the  Lindsey  Islands,  as  did  others  in  1960,  1982,  and  1994.  However, 
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the  1974  aerial  photography  of  the  largest  island  resulted  in  the  issuance  that  year 
of  J.M.  Metzgar's  1:5000  scale,  2-foot-contour  U.S.G.S.  map  "Lindsey  Island 
No.  1,  Antarctica."  The  map  shows  the  two  unfrozen  fresh-water  ponds  and 
associated  stream  systems  evident  on  the  airphotos. 

In  the  summer  of  1974-75,  a  helicopter  from  the  Coast  Guard  ice-breaker 
Burton  Island  landed  surveyors  E.  George  Schirmacher  and  Tony  Malva-Gomes 
on  Lindseys  1  and  2.  On  16  February  1975,  they  worked  three  hours  ashore 
followed  by  nine  hours  the  next  day.  They  established,  and  tied  together  and  with  Station 
Frieda,  three  stations  on  Lindseys  1  and  2,  which  were  adequate  for  photogrammetric 
compilation.  Meanwhile,  Coast  Guardsmen  were  setting  up  on  Lindsey  1  a  Jamesway 
hut  and  an  automatic  weather  station  alongside  the  southem  pond. 

On  2  March  1992,  the  South  Pacific  Rim  International  Tectonic  Expedition 
(SPRITE)  reached  the  Lindsey  Islands  by  the  research  vessel  Polar  Sea  (SPRITE 
Group,  et  ai,  1992).  Six  geologists  and  a  mountaineer  studied  the  ground  on 
Lindseys  1  and  2,  and  some  of  them  became  the  first  persons  to  go  ashore  on  the 
southwestern  subgroup.  Geologist  S.B.  Mukasa  of  the  University  of  Michigan 
has  since  studied  his  crushed  rock  specimens  in  the  laboratory,  paying  special 
attention  to  the  mineral  zirconium  silicate,  ZrSi04. 

In  the  early  months  of  1994,  the  309-feet-long  research  icebreakQY  Nathaniel 
B.  Palmer  cruised  for  50  days  in  support  of  strictly  oceanographic  studies  in  the 
Amundsen  and  Bellingshausen  Seas.  Stan  Jacobs,  aboard  for  work  on  icebergs 
and  ocean  currents,  radioed  this  writer  on  17  March  as  follows:  "A  few  days  ago 
we  broke  through  a  belt  of  sea  ice  northwest  of  Thurston  Island  and  made  a  round 
trip  to  Pine  Island  Bay  past  the  Lindsey  Islands.  This  is  typically  a  difficult  region 
to  get  into  —  the  large  German  icebreaker  Polarstern  was  unsuccessful  a  few 
weeks  ahead  of  us.  The  rough  and  shallow  topography  along  that  coast,  with  few 
previous  soundings  and  ours  obscured  by  the  noise  of  breaking  sea  ice,  made  the 
going  treacherous.  I  attempted  some  pictures  as  we  approached  your  islands,  but 
they  were  compromised  by  the  ship's  distance,  the  islands'  low  profile  and  the 
unfortunate  all-hands  muster  at  the  critical  time.  It  was... night  when  we  returned 
past  them...." 

From  an  artist  aboard,  Alan  Campbell,  came  this  word-picture  dated  13 
March,  also  depicting  conditions  around  the  Lindsey  Islands:  "What  a 
wonderland,  cruising  in  a  clear  track  between  pack-ice  to  starboard  and  the 
glacier-covered  King  Peninsula  to  port.  These  are  largely  uncharted  waters,  and 
in  addition  to  many  of  the  landforms  being  misplaced  by  as  much  as  30  miles  on 
the  maps,  the  water's  uncertain  depth  is  also  a  concern....  We  have  already  come 
close  on  several  occasions  earlier  today.  When  I  ask  Harry  for  a  fix  on  our 
position,  he  smiles  and  points  to  a  spot,  'According  to  this  chart,  we  are  cruising 
across  the  top  of  the  peninsula  right  now!  What  a  ship!'  The  Captain  has 
expressed  his  concern  for  proceeding  into  Pine  Island  Bay  under  these  conditions, 
and  the  earlier  comment  by  the  second  mate  regarding  a  supply  of  food  and  fuel 
sufficient  for  a  year  should  we  get  beset,  well,  let's  just  say  it  has  aroused  a  lot 
of  discussion.  Ahead,  mirages  play  across  the  horizon....  Incredible,  absolutely 
incredible!" 
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At  6:00  a.m.  on  14  March,  the  ship  was  finally  in  [Lesser]  Pine  Island  Bay 
and  completely  surrounded  by  icebergs,  many  with  ice  caves  and  heavily 
crevassed. 

GEOGRAPHY  AND  MAP  CHANGES 

The  first  useful  airphotos  showing  the  Lindsey  Islands  were  taken  by  the  U.S. 
Navy  in  1946-47.  Others  followed  in  1960  and  in  1974-75  during  the  extensive 
Pine  Island  Bay  Project.  Mainly  due  to  the  latter  effort,  nine  small-scale 
(1:250,000)  maps  were  produced,  which  do  not  satisfactorily  depict  the  small 
islands.  Some  icebergs  were  mapped  as  islets.  The  new  sketch-map  (Figure  1) 
corrects  the  number  and  shape  of  the  islets  in  the  two  Lindsey  subgroups. 

The  SPRITE  Group,  et  al  (1992)  wrote,  "The  main  drainage  glacier  [Pine 
Island  Glacier]  of  the  Pacific  margin  of  Antarctica  flows  into  Pine  Island  Bay." 
These  names,  and  those  of  some  other  coastal  features  including  Canisteo 
Peninsula,  were  given  to  honor  support  ships.  Pine  Island  Bay  as  originally 
named  is  of  the  same  order  of  magnitude  as  the  next  two  bays  to  the  north,  Cranton 
Bay  and,  just  north  of  the  Lindsey  Islands,  Ferrero  Bay.  The  SPRITE  Group,  et 
al.  (1992)  stated:  "Strictly  speaking,  the  name  'Pine  Island  Bay'  applies  only  to 
the  small  bay  at  the  mouth  of  Pine  Island  Glacier.  The  name  is  widely  used, 
however,  for  the  major  indentation  in  the  coastline  of  West  Antarctica  at  the 
eastern  end  of  the  Amundsen  Sea."  The  Lindsey  Islands  border  the  latter 
inclusive  embayment,  which  is  here  informally  called  (Figure  2)  "Greater  Pine 
Island  Bay,"  until  an  official  naming  agency  clears  up  this  confusion. 

Comparing  various  small-scale  maps,  including  whole-continent  satellite 
image  maps,  brings  out  the  difficulties  that  beset  interpretation  of  the  coast  in  the 
Pine  Island  Bay  region.  A  1978  map  (1:250,000  scale),  based  on  1966  tricamera 
airphotos  and  revised  from  1972-73  NASA  satellite  imagery,  shows  a  prominent 
"Thwaites  Iceberg  Tongue"  (sic)  forming  the  western  edge  of  Greater  Pine  Island 
Bay  (Figure  2).  The  Ice  Tongue  is  shown  as  a  large  island  instead  of  as  a  peninsula 
(but  it  is  given  the  same  name)  on  a  1987  whole-continent  map  prepared  by  the 
National  Geographic  Society.  The  same  feature  is  shown  (indistinguishably  from 
land)  on  a  1988  U.S.  government  satellite  image  Antarctica  map  (reproduced  in 
the  journal  Odyssey  for  January  1994)  as  a  prominent  peninsula  160  miles  long 
(Figure  2,  dashed  line). 

On  the  1989  Oblique  Maps  of  Antarctica  by  Tau  Rho  Alpha,  Thwaites  Ice 
Tongue  is  replaced  by  a  short  stub  without  commitment  whether  land  or  ice.  But 
the  protrusion  is  entirely  omitted  (Figure  2,  solid  line)  from  the  magnificent 
Satellite  Image  Map  of  Antarctica  ( 1 99 1 , 1  -2284),  although  the  far  smaller  Demas 
Ice  Tongue  is  shown.  Stan  Jacobs  states,  "The  150  mile  peninsula  ...  is  mostly 
sea  ice  and  icebergs,  at  the  former  site  of  Thwaites  Glacier  tongue.  It  broke  off 
in  the  late  1960s  but  most  of  it  is  grounded  nearby  as  Iceberg  B-10."  Whether 
island,  peninsula,  or  neither  or  whether  it  consists,  above  sea  level,  only  of  ice  or 
of  both  ice  and  land,  it  is  not  navigable  by  ship.  Thus,  for  practical  purposes,  the 
Thwaites  Ice  Tongue  determines  the  size  and  form  of  Greater  Pine  Island  Bay 
(one  of  the  few  major  indentations  of  the  antarctic  coastline),  facts  lost  by  omitting 
the  barricade  from  maps. 
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Figure  2.  The  Greater  Pine  Island  Bay  region  of  the  Amundsen  Sea  and  Walgreen 
Coast.  The  solid  line  represents  the  coastline  as  given  on  the  1991  Satellite  Image 
Map  of  Antarctica.  The  dashed  line  depicts  the  Thwaites  Ice  Tongue  on  the 
preceding  (1988)  satellite  image  map  of  the  whole  continent.  The  dotted  lines 
indicate  the  identically  named  feature  drawn  as  an  ice-island  on  the  National 
Geographic  Society  whole  continent  map  of  1987.  Without  this  Thwaites  mass, 
Greater  Pine  Island  Bay  appears  much  larger  and  indefinitely  bounded  westward. 
The  original  (Lesser)  Pine  Island  Bay  is  shown  differently  (lower  comer)  on  the 
two  satellite  image  maps.  The  large  dot  is  just  seaward  of  the  Lindsey  Islands 
group  (see  Figure  1). 

GEOLOGY 


The  Lindseys  and  nearby  island  groups  are  emergent  portions  of  a  shelf 
generally  less  than  600  feet  deep.  Farther  seaward  is  a  long  trough  more  than 
3,000  feet  deep,  believed  to  bound  adjoining  major  blocks  of  the  earth's  crust 
which  have  existed  since  the  Gondwana  supercontinent  broke  apart  in  the 
Mesozoic.  The  geological  information  here  is  condensed  from  the  report  of  the 
SPRITE  Group,  et  al  (1992). 

A  pink  megacrystic  granite,  locally  rich  in  garnets,  is  the  base  rock  of  the 
Lindseys.  These  massive,  coarse-grained  biotite-hornblende  granitoids  contain 
pink  feldspar.  The  northern  subgroup  is  distinctive  in  containing  conspicuous 
"black"  strips  and  patches  of  dark  gray  granite  as  much  as  15  feet  across,  clearly 
evident  in  airphotos  from  4,000  feet. 

Massive  dikes  of  gabbro  and  quartz  diorite  15-30  feet  thick  make  up  30  per 
cent  of  the  exposed  rock.  They  dip  very  steeply  to  the  north,  striking  east- west. 
These  dikes  weather  and  erode  more  readily  than  the  base  granite.  Under  a  pocket 
stereoscope,  through  the  vertical  exaggeration  of  the  technique,  they  give 
dramatic  images  of  large  ridges  and  troughs,  which  alternate  quite  regularly.  The 
effect  produced  is  like  that  of  recurrent  soft  and  hard  sedimentary  strata,  tipped 


Vol.  104(1995) 


Indiana  Academy  of  Science 


91 


Figure  3.  This  U.S.  Navy  airphoto  of  Lindsey  Island  1,  taken  on  14  January  1974 
with  minimal  snow  and  ice  cover,  shows  the  ridged  topography.  The  triangle 
pointing  upward  to  the  north  encloses  the  major  triangulation  station  "Frieda" 
and  a  point  located  precisely  by  the  Global  Positioning  System.  The  letter  "A" 
marks  the  northern  fresh-water  pond.  The  "S"  marks  the  site  of  the  second  pond, 
where  expeditions  headquartered,  placed  an  automatic  weather  station,  and 
erected  a  Jamesway  hut.  Pine  Island  Bay  Project  airphoto  TMA  2421,01 15. 

up  to  be  seen  edgewise,  and  differentially  eroded  (Figure  3).  Their  presence 
readily  shows  why  the  surveyors  found  hiking  cross-country  more  feasible  than 
driving  the  small  machines  carried  in  the  helicopters. 

In  the  southwestern  subgroup,  a  1 .5  foot  wide  felsic  porphyry  cuts  across  both 
the  granite  and  an  east-west  basalt  dike,  which  are  of  equal  thickness. 

BIOLOGICAL  OBSERVATIONS 


The  1968  observations  revealed  the  first  breeding  colony  of  any  penguin 
species  reported  along  the  entire  stretch  of  the  Eights  and  Walgreen  Coasts. 
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Adelie  rookeries  occupy  the  Lindsey s  and  nearby  island  groups.  The  rookery  on 
Lindsey  1  was  photographed  by  Eissinger  on  7  December  and  shows  eggs  being 
incubated.  Access  to  the  nests  was  favored  by  the  scarcity  of  fixed  sea-ice  along 
the  shore.  In  the  absence  of  rounded  pebbles,  the  Adelie  nests  were  mounds  of 
angular,  walnut-sized  fragments  of  dark  granite,  which  had  probably  served  for 
centuries.  A  flying  oceanic  bird,  the  South  Polar  Skua  (Catharacta  maccormicki), 
was  breeding  in  a  rookery  adjacent  to  the  penguins  and  preying  on  penguin  eggs 
and  chicks.  On  this  summer  day  of  scattered  clouds,  the  air  temperature  was  -1-22° 
F  at  Station  Frieda,  123  feet  above  sea  level. 

The  first  three  expeditions  commonly  observed  leopard  seals  killing  penguins 
offshore.  The  men  were  careful  to  give  these  agile  carnivores  a  wide  berth. 

The  1975  survey  team  on  Lindsey  1  saw  a  group  of  southern  elephant  seals 
(Mirounga  leonina  L.),  and  in  1992,  the  next  party  ashore  (SPRITE  Group,  etai, 
1992)  reported  "thirteen  females"  with  a  well-developed  wallow.  None  of  these 
observers  was  a  biologist.  Stray  individuals  and  small  groups  of  young  males  are 
commonly  reported,  some  as  far  south  as  the  continental  coast  (Readers  Digest 
of  Australia,  1985).  Females  wander  much  less  from  the  breeding  colonies,  and 
the  group  of  thirteen  was  extraordinarily  far  south  for  females,  if  they  were  indeed 
such  rather  than  subadult  males. 

Strangely,  the  two  common  antarctic  pinniped  species,  the  Weddell  and 
crab-eater  seals,  were  not  reported  in  the  Lindsey  group.  No  plant  life  has  been 
noted,  and  none  appears  in  photographs,  but  in  much  worse  climates  on  the 
mountains  of  Marie  Byrd  Land  at  78°  S  Lat.,  foliose  hchens  up  to  6  inches  in 
diameter  are  found. 
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ABSTRACT:  Two  experiments  examined  conditions  thought  to  bias  photo  array 
identifications  of  crime  suspects  —  distinctiveness  and  perceived  criminal  relevance  of 
the  suspects'  facial  features.  The  first  study  varied  the  number  of  suspected  shoplifters 
in  a  photo  array  who  wore  eyeglasses.  Members  without  glasses,  whether  they  were  few 
or  many,  tended  to  be  identified  more  frequently  than  members  with  glasses.  In  the 
second  study,  consistent  with  previous  demonstrations  that  glasses  evoke  social 
judgments  of  intellectual  competence  while  beards  evoke  judgments  of  aggressiveness, 
subjects  who  read  about  the  burglary  of  a  software  store  tended  disproportionately  to 
choose  the  distinctive  photo  array  member  with  eyeglasses  while  subjects  who  read  of  a 
hardware  store  burglary  tended  to  choose  the  uniquely  bearded  member.  Unique  facial 
features  consistent  with  people's  stereotypes  of  perpetrators  and  crimes  can  bias  photo 
array  judgments. 

KEYWORDS:  Eyewitness  identifications,  lineup/photo  array  bias. 

STUDY  1 

One  of  the  most  important  pieces  of  courtroom  testimony  determining  the  course 
of  a  criminal  trial  is  an  eyewitness's  identification  of  the  defendant  as  the  perpetrator. 
Yet  error  can  occur  at  several  points  in  the  identification  process  (Woocher,  1977) 
and,  if  uncorrected,  can  lead  to  a  tragic  miscarriage  of  justice  by  convicting  an 
innocent  person  and  letting  a  guilty  person  remain  unprosecuted.  Study  1  was 
designed  to  examine  the  possibility  of  bias  in  eyewitness  identifications  stemming 
from  including  distinctive  stimulus  persons  in  a  photo  array. 

Witnesses  to  a  crime  may  be  asked  to  identify  the  perpetrator  from  a  photo 
array  of  possible  suspects  or,  more  usually,  one  suspect  and  several 
known-to-be-innocent  distractors.  An  array  can  be  considered  biased  if  one  or 
more  members  are  chosen  beyond  chance  by  judges  who  had  never  witnessed  the 
crime;  that  is,  if  the  functional  size  (the  number  of  members  selected  by  mock 
witnesses)  is  significantly  less  than  the  nominal  size  (the  number  of  members  in 
the  array)  (Doob  and  Kirshenbaum,  1973;  Malpass,  1981;  Wells,  et  al,  1979). 
One  source  of  bias  leading  to  a  preponderance  of  choices  might  be  the 
distinctiveness  of  a  member  of  the  array  (Lindsay  and  Wells,  1980). 

Eyewitnesses  are  apt  to  approach  a  photo  array  with  the  "set"  or  expectation 
that  one  of  the  photos  is  unique.  After  all,  one  of  the  persons  is  guilty  of  the  crime, 
and  the  others  are  innocent.  Witnesses  may  scan  the  array  for  a  member  who 
"stands  ouf  because  of  some  unusual  feature  and  then  select  that  unique  member 
as  the  suspect.  Buckhout  (1974)  experimentally  created  a  biased  array  by  having 
one  of  the  faces  appear  with  a  unique  expression  and  angle  of  tilt;  the  unique  face 
was  chosen  more  frequently  than  the  same  face  with  an  expression  and  posture 
more  similar  to  the  other  members  of  the  array. 
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That  suspect  distinctiveness  might  bias  judgments  of  lineups  has  been 
discussed  in  court  cases  involving  arrays  containing  a  member  of  unique 
complexion  (State  v.  Burch,  284  MN  300,  1969),  hair  color  (Massen  v.  State,  41 
WI  2d  245,  1969),  clothing  (People  v.  Chambers,  112  IL  App.  2d  347,  1969; 
People  V.  Stanton,  274  CA  App.  2d  13,  1969),  and  ethnic  membership  (State  v. 
Parker,  282  MN  343, 1969).  Albeit  real  cases,  these  examples  all  deal  with  almost 
ludicrously  large  variations  of  similarity.  Would  less  extreme,  more  realistic 
manipulations  of  distinctiveness  also  produce  bias? 

In  Study  1 ,  the  role  of  a  more  subtle  source  of  bias,  the  unique  presence  or  absence 
of  eyeglasses,  was  examined.  Subjects  covertly  role  played  being  witness  to  a 
hypothetical  crime  and  tried  to  identify  the  culprit  from  a  6-person  photo  array  in 
which  no,  some,  or  all  members  wore  eyeglasses.  The  author  hypothesized  that  the 
minority  face(s)  (distinctly  with  or  without  glasses)  would  be  preponderantly  selected 
as  suspects  over  the  majority  faces. 

MATERIALS  AND  METHODS:  STUDY  1 

Subjects.  Responses  were  obtained  from  94  volunteer  introductory 
psychology  students.  Other  than  being  ignorant  of  the  independent  variable, 
participants  gave  informed  consent  and  received  bonus  course  credit. 

Materials.  Mac-a-Mug  Pro^^  computer  software  was  used  to  generate  six 
faces  with  different  hair,  eyes,  noses,  ears,  mouths,  and  chins.  Reasonably 
realistic  faces  were  created  without  obviously  unusual  appearance.  A  set  of  twin 
faces  was  created  by  adding  different  eyeglasses  to  each  of  the  original  faces. 

The  six  original  faces  without  eyeglasses  were  randomly  positioned  (by  roll  of 
a  die)  in  two  rows  of  three  faces  each.  This  array  was  labeled  Gl  =  0  to  indicate  that 
none  of  the  faces  had  eyeglasses.  Next,  one  of  the  faces  was  randomly  designated 
to  be  replaced  by  its  bespectacled  twin.  This  array  was  labeled  Gl  =  1  to  indicate  that 
one  face  had  eyeglasses  while  the  remaining  five  faces  did  not  have  glasses.  Then, 
two  of  the  original  faces  were  randomly  designated  to  be  replaced  by  their 
bespectacled  twins;  the  resultant  array  was  labeled  Gl  =  2.  Arrays  labeled  Gl  =  3, 
Gl  =  4,  and  Gl  =  5  were  also  created  in  the  same  way.  A  fmal  array,  Gl  =  6,  was 
created  by  having  all  six  of  the  faces  wear  eyeglasses. 

Procedure.  Subjects  were  tested  in  variously  sized  groups.  Written 
instructions  with  one  of  the  seven  arrays  were  randomly  distributed.  The 
materials  instructed  the  subjects  to  imagine  driving  through  a  store  parking  lot 
looking  for  a  parking  space,  when  suddenly  a  man  carrying  a  large  bag  runs  in 
front  of  their  car.  They  get  a  good  look  at  him  before  he  races  to  a  nearby  car, 
jumps  in,  and  speeds  away.  The  person  is  described  only  as  a  man.  A  guard 
approaches  and  says  that  the  man  was  a  shoplifter  who  had  just  run  off  with  a 
considerable  amount  of  expensive  merchandise.  The  subjects  were  asked  to 
pretend  that  the  guard  asks  them  to  identify  the  culprit.  On  the  basis  of  this  brief 
covert  role  playing  exercise,  the  subjects  circled  one  of  the  faces  on  their  photo 
array  to  indicate  their  choice  of  the  shoplifting  culprit. 
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Table  1 .  Chi-square  analyses  of  observed  and  expected  choices  of  stimulus  faces 
with  (Gl)  and  without  (No  Gl)  eyeglasses  related  to  the  number  of  bespectacled 
stimulus  faces  in  the  photo  array  (Study  1). 


Photo  Array 
(Gl) 

Observed 
Facial  Choices 

Expected 
Facial  Choices 

x' 

Gl 

-  NoGl 

Gl 

NoGl 

1 
2 
3 
4 
5 

0 
1 
1 

3 

5 

11 
13 
12 
8 
10 

1.83 
4.67 
6.50 
7.53 
12.50 

9.17 
9.33 
6.50 
3.67 

2.50 

2.20 
4.33* 
9.31** 
7.10** 
27.00*** 

Totals 

10 

54 

32.00 

32.00 

30.25*** 

*    p<0.05 
**      p<O.Ol 
***      p  <  0.001 

RESULTS:  STUDY  1 

Within  each  array,  chi-square  analyses  were  performed  on  the  distribution  of 
choices  of  the  face(s)  with  eyeglasses  compared  with  the  face(s)  without  glasses 
(Table  1).  The  results  indicate  that  regardless  of  whether  2,  3, 4,  or  5  of  the  faces 
had  eyeglasses,  the  face(s)  without  glasses  was  (were)  chosen  more  frequently 
than  expected. 

The  distribution  of  choices  in  the  Gl  =  1  array  was  nonsignificant  (x^  =  6.84; 
p  >  0.05)  but  significant  for  the  Gl  =  6  array  (x^  =  15.13;/?  <  0.01).  Two  stimulus 
faces  tended  to  be  chosen  beyond  chance  expectations.  Across  all  seven  arrays, 
these  two  faces  received  more  choices  (5 1  out  of  94  choices)  than  expected  (%- 
=  18.52;  p  <  0.001).  Therefore,  the  chi-square  analyses  were  recalculated  on  the 
array  distributions  with  the  choices  of  these  two  faces  eliminated.  A  tendency 
persisted  for  the  remaining  faces  without  eyeglasses  to  be  chosen  more  frequently 
than  the  remaining  faces  with  glasses  (x^(l)  =  17.06;  p  <  0.001). 

DISCUSSION:  STUDY  1 

The  author  anticipated  an  inverse  relationship  between  the  proportion  of 
choices  of  the  stimulus  faces  with  eyeglasses  and  the  number  of  bespectacled 
faces  in  the  array,  but  the  results  showed  a  direct  relationship.  On  the  basis  of 
these  results,  facial  distinctiveness,  defined  in  terms  of  eyeglasses,  was  not  a 
biasing  factor  in  the  subjects'  choices,  but  whether  or  not  a  face  had  eyeglasses 
was  a  source  of  bias:  subjects  tended  not  to  choose  bespectacled  faces. 

Because  this  result  was  unanticipated,  any  interpretation  of  it  would  have  to 
be  post  hoc  and  untested.  One  could  surmise,  however,  that  it  is  related  to  the 
social  judgments  associated  with  eyeglasses.  Persons  who  wear  eyeglasses  tend 
to  be  perceived  as  relatively  meek  and  unassertive  and,  at  the  same  time,  as 
intellectually  competent  (Terry  and  Krantz,  1993).  The  shoplifting  scenario 
portrayed  a  culprit  whose  strength  and  impulsiveness  were  not  representative  of 
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the  stereotypical  person  who  wears  eyeglasses.  Perhaps,  if  the  crime  enacted 
were  to  have  more  obvious  intellectual  characteristics,  a  suspect  with  eyeglasses 
might  be  more  likely  to  be  selected  from  a  photo  array.  A  second  study  was 
designed  to  pursue  this  notion. 

STUDY  2 

The  nature  of  the  merchandise  shoplifted  or  stolen  in  a  burglary  could  imply 
characteristics  of  the  perpetrator  (Christiaansen,  et  al,  1983).  As  an  obvious 
example,  the  theft  of  narcotics  from  a  pharmacy  suggests  that  the  thief  is  a  drug 
user  or  dealer.  Similarly,  a  theft  of  books  implies  that  the  burglar  likes  to  read, 
and  a  theft  of  hunting  equipment  implies  that  the  burglar  likes  to  hunt.  Terry  and 
Krantz  (1993)  reported  that  eyeglasses  led  to  a  stereotype  of  an  intellectual, 
passive  person  and  that  facial  hair  evoked  a  stereotype  of  an  aggressive, 
cognitively  limited  person.  It  follows  that  the  theft  of  books  somewhat  implies 
a  perpetrator  with  eyeglasses,  while  the  theft  of  hunting  equipment  implies  a 
bearded  perpetrator. 

In  Study  2,  subjects  read  about  either  the  burglary  of  a  computer  software  store 
by  a  person  who  was  computer  sophisticated  or  the  burglary  of  a  hardware  store  by 
a  person  who  collected  knives.  The  software  burglary  was  meant  to  suggest  a  culprit 
who  was  more  intellectually  inclined  than  physically  aggressive,  while  the  hardware 
burglary  suggested  an  opposite  sort  of  culprit.  Subjects  who  read  the  software 
scenario  were  predicted  to  show  a  tendency  to  select  a  uniquely  bespectacled  member 
of  a  photo  array,  and  subjects  who  read  the  hardware  scenario  were  predicted  to  show 
a  bias  toward  a  uniquely  bearded  member  of  a  photo  array. 

MATERIALS  AND  METHODS:  STUDY  2 

Subjects.  Ninety-three  of  the  introductory  psychology  students  who  served 
in  Study  1  participated  in  Study  2.  Although  ignorant  of  the  independent  variable, 
they  provided  informed  consent  and  received  bonus  course  credit. 

Materials.  A  male  face  was  generated  with  the  Mac-a-Mug  Pro^'^  computer 
software.  The  face,  not  from  Study  1 ,  was  modified  by  adding  either  a  moustache, 
full  beard,  long  hair,  cap,  eyeglasses,  or  African- American  shading  and  short  hair. 
The  six  variations  were  randomly  assembled  into  an  array  of  two  rows  of  three 
faces  each.  The  author  intended  to  create  an  array  of  six  similar  faces,  each  with 
a  discriminable  uniqueness. 

Procedure.  Subjects  were  tested  in  variously  sized  groups.  They  received 
at  random  one  of  two  written  versions  of  a  burglary.  One  version  described  a 
burglary  of  the  Crosswell  Software  Store.  The  burglar  entered  a  back  door 
without  force.  A  hidden  security  camera  recorded  the  burglar  stopping  to  read 
some  books.  As  he  moved  on,  he  bumped  into  a  store  display  of  highly  technical 
computer  manuals,  which  he  began  to  study.  He  picked  up  a  package  of  materials 
and  walked  off  with  it  with  effort  even  though  it  weighed  only  a  few  pounds. 
When  the  suspect  was  apprehended  at  his  home,  he  gave  no  resistance.  He  was 
found  to  own  a  computer  system  and  an  extensive  library  of  computer  materials. 
This  scenario  was  meant  to  create  an  impression  of  a  perpetrator  who  was 
physically  weak  and  interested  in  intellectual  pursuits. 
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Table  2.  Distribution  of  photo  array  choices  in  the  two  experimental  conditions 
of  Study  2. 


Burglary 

Stimulus  Condition 

Site 

Moustache 

Beard 

Hair               Cap 

Eyeglasses 

Shading 

Software 
Hardware 

2 
4 

0 

24 

5                   4 
10                    1 

30 
6 

1 
6 

The  other  version  described  a  burglary  of  the  Cross  well  Hardware  Store.  The 
burglar  made  a  forced  entry  through  a  back  door.  The  security  camera  recorded 
him  examining  some  animal  traps.  As  he  moved  on,  he  bumped  into  a  display  of 
lethal  hunting  knives  and  hatchets.  He  put  several  into  a  heavy  tool  box  weighing 
about  50  pounds  and  effortlessly  walked  out  of  the  store.  When  he  was 
apprehended  at  home,  he  put  up  a  struggle.  He  was  found  to  own  an  extensive 
collection  of  knives  and  guns  as  well  as  magazines  depicting  aggression  and 
violence.  The  intent  was  to  create  an  impression  of  a  perpetrator  who  was 
physically  strong  and  interested  in  violent  pursuits. 

After  reading  one  of  the  scenarios,  the  subjects  were  instructed  to  circle  the 
burglar  on  an  attached  photo  array  and  to  write  briefly  the  reasons  for  their  choice. 

RESULTS:  STUDY  2 

Thirty  (71%)  of  the  42  subjects  in  the  Software  condition  chose  the  bespectacled 
face  in  the  photo  array  (Table  2).  The  chi-square  comparing  the  choices  of  the 
bespectacled  member  compared  with  the  other  five  faces  combined  was  significant 
(X^  =  90.68;  p  <  0.001).  Twenty-four  (47%)  of  the  51  subjects  in  the  Hardware 
condition  chose  the  bearded  face  in  the  photo  array  {y^  =  33.92;  p  <  0.001). 

An  analysis  of  the  reasons  subjects  gave  for  their  choices  revealed  some 
interesting  patterns.  Subjects  in  the  Software  burglary  condition,  who  chose  the 
bespectacled  face,  explained  their  choice  by  saying  that  the  suspect  with  glasses 
had  poor  visual  acuity  which  contributed  to  his  knocking  over  the  store  display 
(n  =  13),  or  that  the  subject  appeared  frail,  weak,  and  quiet  (n  =  21),  or  intellectual 
(n  =  16).  Subjects  in  the  Hardware  burglary  condition,  who  chose  the  bearded 
suspect,  said  that  he  looked  like  an  outdoor,  wilderness  man  {n  =  14),  who  was 
large,  strong,  and  aggressive  {n  =  26).  These  rationales,  which  were  the  most 
frequently  offered,  are  consistent  with  the  social  judgments  people  make  of 
persons  with  eyeglasses  and  beards. 

DISCUSSION:  STUDY  2 

The  nature  of  a  crime  can  imply  the  characteristics  of  the  perpetrator 
(Christiaansen,  et  ai,  1983).  And,  as  shown  in  the  present  research,  subtle 
uniquenesses  in  a  photo  array  consistent  with  inferences  about  the  perpetrator  can 
attract  a  preponderance  of  choices.  The  robbery  of  a  computer  software  store  by  a 
presumably  peaceable,  computer-literate  thief  implies  an  intellectually  inclined, 
nonaggressive  culprit.    Persons  who  wear  eyeglasses  are  often  stereotyped  as 
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intellectually  inclined  and  nonaggressive  (Terry  and  Krantz,  1993).  Hence,  a 
uniquely  bespectacled  photo  array  member,  judged  as  frail  and  intellectual,  stands 
out  as  most  representative  of  the  perpetrator  and  is  identified  as  the  suspect.  In 
like  manner,  the  theft  of  hunting  knives  by  a  violence-prone  perpetrator  implies 
a  physically  inclined  culprit.  Bearded  men  tend  to  be  stereotyped  as  such  (Terry 
and  Krantz,  1993).  In  this  case,  a  uniquely  bearded  photo  array  member,  judged 
to  be  active  and  aggressive,  tends  to  be  identified  as  the  thief. 

Levine  and  Tapp  (1973,  p.  1120)  advised  that  "...any  unusual  physical 
characteristic  of  the  suspect  should  be  kept  uniform  among  lineup  participants 
(e.g.,  wearing  glasses)."  This  advice  appears  to  be  especially  apropos  when  the 
unique  facial  feature,  such  as  eyeglasses  or  facial  hair,  is  implied  by  the  crime. 

As  mock  witnesses,  my  subjects  witnessed  no  crime  or  perpetrator,  and, 
consequently,  the  accuracy  of  their  identifications  could  not  be  assessed.  The 
bias  demonstrated  in  this  research  can  not  be  equated  with  accuracy.  What  these 
results  most  clearly  illustrate  is  that  people  have  stereotypical  preconceptions  of 
what  kind  of  persons  commit  which  sort  of  crimes  (Zebrowitz  and  McDonald, 
1991).  If  a  photo  array  member  is  uniquely  presented  with  features  consistent 
with  such  preconceptions,  subjects  tend  disproportionately  to  identify  that 
member  as  the  perpetrator.  An  interesting  extension  of  this  result  would  be  to 
simulate  a  crime  with  an  actual  culprit  to  determine  if  witnesses'  accuracy  of 
photo  array  identifications  is  affected  by  their  preconceptions  and  the  inclusion 
of  members  uniquely  presented  with  consistent  features. 
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ABSTRACT:  The  red-shouldered  hawk  {Buteo  lineatus)  population  of  southeastern 
Indiana  was  studied  by  examining  previously-known  nesting  territories  in  either  March 
or  April  from  1984  to  1994.  Forty-two  territories  were  checked  by  imitating  the  calls  of 
the  great  homed  owl  and  the  American  crow.  Over  a  5-year  span  (for  most  territories), 
an  average  of  approximately  1 8%  of  the  nesting  pairs  were  lost  each  year. 

KEYWORDS:  Buteo  lineatus,  red-shouldered  hawk. 

Whether  a  population  is  increasing,  decreasing,  or  remaining  stable  is  especially 
difficult  to  determine  for  a  large,  shy  species  like  the  red-shouldered  hawk  (Buteo 
lineatus).  Census  data  on  the  red-shouldered  hawk  are  scanty  when  compared  with 
those  for  small  birds.  These  hawks  feed  and  nest  primarily  within  the  forest,  where 
they  are  difficult  to  see  after  the  trees  have  leafed  out  (Hands,  et  al.,  1989;  Palmer, 
1988).  In  addition,  the  red-shouldered  hawk  is  partly  migratory  in  Indiana  with  some 
individuals  remaining  overwinter  and  others  wintering  in  the  southern  States  (Palmer, 
1988).  The  study  most  comparable  to  this  one  was  that  of  Henny,  et  al.  (1973)  in 
which  21  Maryland  territories  were  studied,  intermittently,  over  29  years.  Nearly  all 
studies  of  the  red-shouldered  hawk,  by  whatever  method,  show  a  population  decline 
in  eastern  North  America  in  this  century  (Brown,  1971;  Henny,  et  al.,  1973;  Kiltie, 
1987;  Palmer,  1988;  Hands,  etal.,  1989). 

An  attempt  was  made  to  measure  population  trends  by  visiting  (during  March 
and  April)  those  territories  where  birds  had  been  found  in  previous  years.  The 
forest  stands  studied  were  either  frequently-ponded  flatwoods,  bottomland- 
riparian  forests,  or  hillside  forests  within  100  m  of  a  creek  or  river.  At  each  visit, 
the  call  of  the  great  horned  owl  (Bubo  virginianus)  and,  normally,  the  assembly 
and  other  mobbing  calls  of  the  American  crow  {Corvus  hrachyrhynchos)  were 
vocally  imitated.  If  a  pair  of  red-shouldered  hawks  was  present,  they  usually 
responded  within  10  minutes  by  flying  near  the  sound  source  and  screaming  (see 
Fuller  and  Mosher  ( 1 98 1 )  for  a  review  of  the  methods  for  locating  nests).  Kilham 
(1964)  had  previously  recorded  the  attraction  of  red-shouldered  hawks  to 
American  crow-great  horned  owl  mobbing  scenes. 

At  40  of  the  42  territories  studied,  the  nest  or  a  nest  of  a  preceding  year  was  seen. 
In  April,  the  incubating  bird  frequently  flushed  from  the  nest.  A  territory  was 
recorded  as  vacant,  if  no  birds  responded  after  20  minutes  of  crow  and  owl  calling. 
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Table  1.  Territorial  changes  in  the  red- shouldered  hawk  in  southern  Indiana. 


Duration 

(years) 

of  Study 

Beginning 
in  Year 

Number  of 

Territories 

Occupied  at 

the  Start 

Net  Loss 

by  the  End 

of  the 

Period 

Loss 

(%) 

Loss 
Per  Year 

(%) 

5 

1989 

6 

5 

83 

21 

5 

1990 

15 

9 

60 

15 

4 

1990 

15 

8 

53 

18 

4 

1991 

16 

6 

38 

13 

3 

1990 

17 

7 

41 

20 

3 

1991 

16 

4 

25 

12 

3 

1992 

19 

8 

42 

21 

any  2 
consecutive 

1987-93 

74 

17 

23 

23 

years 

Chamberlain  has  successfully  attracted  red-shouldered  hawks  using  this 
technique  at  the  Myakka  River  State  Park,  Florida,  throughout  the  calendar  year 
for  the  last  10  years. 

The  authors'  data  (1984-1994)  are  based  on  the  following  site  visits:  42  sites 
were  examined  at  least  once;  40  were  visited  for  at  least  two  years;  36  were  examined 
over  a  3  year  span;  32  were  examined  for  at  least  a  4  year  span;  30  were  visited  over 
a  5  year  span;  8  were  visited  over  an  8  year  span;  3  were  visited  over  at  least  a  10 
year  span;  and  1  site  was  visited  in  all  1 1  years.  Once  located,  most  territories  were 
visited  annually,  but  a  few  were  occasionally  omitted.  Most  of  the  data  were  obtained 
from  1990  through  1994.  All  the  localities  were  in  nine  counties  in  southeastern 
Indiana  and  were  located  within  60  km  of  Hanover:  Jefferson  (13  territories), 
Jennings  (9),  Scott  (7),  Switzerland  (4),  Washington  (3),  Clark  (2),  Ripley  (2),  Ohio 
(1),  and  Jackson  (1).  The  red-shouldered  hawk  territories  were  selected  more  or  less 
at  random,  because  they  were  located  by  happenstance  during  other  ornithological 
work.  The  minimum  recorded  distance  between  occupied  territories  (nest  to  nest 
distance)  was  1.1  km.  In  30  cases  between  1991  and  1994,  a  territory,  which  had 
apparendy  lost  its  nesting  pair,  was  visited  a  second  time  in  the  same  year.  Hawks 
were  present  in  8  territories  during  the  second  visit,  but  22  remained  vacant.  (This 
figure  is  somewhat  misleading,  because  the  territories  that  were  visited  a  second  time 
were  sites  where  there  had  been  inclement  weather  or  where  a  new-looking  nest  with 
no  attendant  birds  was  found  during  the  first  visit.) 

The  results  are  presented  in  Table  1 .  Net  loss  is  the  number  of  territories 
which  changed  from  positive  to  negative  (vacant)  less  the  number  which  changed 
from  negative  to  positive  (occupied).  The  data  lines  in  the  table  overlap 
considerably.  For  example,  in  the  5-year-span  lines,  4  territories  from  the  1989 
line  are  also  included  in  the  1990  line.  Each  line  of  the  table  includes  only  the 
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number  (maximum  19)  of  territories  that  were  occupied  that  year  and  for  which 
there  was  annual  data  thereafter.  The  annual  loss  (last  column)  varied  from  12% 
to  23%  (averaging  18%)  but  was  continuous  and  distinct. 

Some  data  on  mortality  were  recorded.  One  nest  containing  eggs  was 
destroyed  when  the  tree  was  cut  down  by  a  logger.  Another  nest  containing  eggs 
or  small  young  was  abandoned  when  the  adjacent  woods  were  knocked  down  and 
the  land  was  plowed.  One  brood  of  2  young  was  killed  by  a  great  homed  owl  just 
before  or  just  after  fledging. 

Several  biases  exist  in  this  method  of  estimating  changes  in  numbers  of 
red-shouldered  hawks.  All  are  unlikely,  though  possible: 

1.  The  birds  did  not  respond  to  the  vocalized  calls. 

2.  The  birds  had  not  yet  returned  from  migration.  (Not  probable.  In  1993, 
all  the  territories  were  checked  between  15  March  and  30  April;  between 
1984  and  1992  and  in  1994,  most  of  the  territories  were  checked  during 
that  6-weeks  period,  but  some  were  checked  in  the  first  half  of  March 
(compare  the  migration  dates  in  Palmer  (1988).) 

3.  The  nest  site  was  moved  in  a  subsequent  year  by  more  than  0.7  km,  the  longest 
move  recorded  in  the  study.  (The  map  presented  by  Henny,  et  al  (1973)  showed 
that  14  of  16  nests  remained  within  0.4  km  of  the  same  spot  after  24  years.) 

4.  The  birds  had  responded  from  another  territory  more  than  0.7  km  away. 

5.  After  several  years,  subtle  ecological  changes,  not  evident  to  the 
observers,  made  the  territory  unattractive  to  the  hawks. 

All  the  nests  identified  (see  Palmer,  1988)  were  in  major  crotches,  built  of 
large  sticks  and  twigs,  and  lined  with  strips  of  bark  (usually  cedar).  Often,  the 
nests  were  decorated  with  pine,  cedar,  or  broad-leaved  twigs,  feathers,  or  (once) 
with  blossoming  twigs  of  red  maple  {Acer  rubrum).  The  height  of  the  nests  above 
the  ground  was  4-20  m. 

Overall,  these  figures  suggest  a  loss  of  about  18%  of  the  nesting  pairs  each 
year.  Whether  this  is  a  short-term  or  long-term  trend  is  unknown.  A  longer-term 
study  with  individually-marked  birds  is  needed. 
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ABSTRACT:  The  Indiana  crayfish,  Orconectes  indianensis,  is  restricted  to 
southeastern  Illinois  and  southwestern  Indiana.  Because  the  species  has  been 
extirpated  from  a  large  portion  of  its  historic  range  in  Illinois  and  has  been  reported 
from  very  few  sites  in  Indiana,  O.  indianensis  has  been  considered  for  listing  by  the 
U.S.  Fish  and  Wildlife  Service  as  a  federally  protected  species.  To  determine  the 
historical  and  present  ranges  of  O.  indianensis,  museum  holdings  of  O.  indianensis 
were  examined  and  suitable  habitats  in  southern  Indiana  and  southeastern  Illinois 
were  sampled  between  18  April  1993  and  26  September  1993.  Contrary  to  earlier 
indications,  the  Indiana  crayfish  is  common  in  southern  Indiana  and  presently  is  not 
in  need  of  special  protection  by  the  State  of  Indiana  or  the  federal  government. 
However,  the  range  of  the  species  in  Illinois  is  presently  much  smaller  than  the  historic 
range.  The  Saline  River  system  (the  mainstay  of  the  Indiana  crayfish  in  Illinois)  is 
seriously  degraded,  and  protection  in  Illinois  as  a  state  endangered  species  remains 
necessary.  Seventeen  species  and  subspecies  of  crayfishes  are  known  from  Indiana: 
Procambarus  acutus,  Procambarus  clarkii,  Procambarus  gracilis,  Orconectes 
immunis,  Orconectes  indianensis,  Orconectes  inermis  inermis,  Orconectes  inermis 
testii,  Orconectes  propinquus,  Orconectes  putnami,  Orconectes  rusticus,  Orconectes 
sloanii,  Orconectes  virilis,  Cambarus  diogenes,  Cambarus  laevis,  Cambarus 
ortmanni,  Cambarus  robustus,  and  Fallicambarus fodiens.  The  two  rarest  crayfishes 
in  Indiana  appear  to  be  Procambarus  clarkii  and  Procambarus  gracilis. 

KEYWORDS:  Cambarus,  Crustacea,  Fallicambarus,  Illinois,  Procambarus. 

INTRODUCTION 

The  Indiana  crayfish,  Orconectes  indianensis,  is  restricted  to  southeastern 
Illinois  and  southwestern  Indiana  (Hobbs,  1989).  Page  (1985)  studied  the 
distribution  and  status  of  the  Indiana  crayfish  in  Illinois  as  part  of  a  statewide 
survey  of  crayfishes  and  discussed  the  recent  elimination  of  the  species  from  a 
significant  portion  of  its  historic  range  as  a  result  of  habitat  degradation.  Because 
of  the  reduction  in  its  range,  the  Indiana  crayfish  is  protected  as  a  state  endangered 
species  in  Illinois. 

In  contrast  to  our  knowledge  of  the  species  in  Illinois,  the  distribution  of  the 
Indiana  crayfish  in  Indiana  has  been  poorly  known,  with  records  published  for 
only  two  localities:  the  Patoka  River  at  Patoka  in  Gibson  County  (the  type-locality 
of  the  species)  and  Huntington  in  Dubois  County  (Hay,  1896;  Eberly,  1995). 
Because  the  Indiana  crayfish  has  been  extirpated  from  a  large  portion  of  its 
historic  range  in  Illinois  and  has  been  reported  from  very  few  sites  in  Indiana,  the 
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species  has  been  considered  for  listing  by  the  U.S.  Fish  and  Wildlife  Service  as 
a  federally  protected  species. 

The  goal  of  this  study  was  to  determine  the  status  of  the  species  throughout 
its  range  and  its  need  for  protection.  Habitat  and  life  history  information  was 
summarized  because  of  the  potential  need  for  management. 

MATERIALS  AND  METHODS 

To  determine  the  historic  range  of  Orconectes  indianensis,  records  were  obtained 
from  curators  of  North  American  museums  known  to  have  collections  of  crayfishes. 
Questionable  specimens  were  examined  and  identified  to  species. 

To  determine  the  present  range  of  Orconectes  indianensis,  suitable  habitats 
in  southern  Indiana  and  southeastern  Illinois  were  sampled  between  1 8  April  1993 
and  26  September  1993.  Small  to  medium-sized  streams  in  southern  Indiana 
(Crawford,  Dubois,  Gibson,  Orange,  Perry,  Pike,  Posey,  Spencer,  Vanderburgh, 
and  Warrick  Counties)  were  sampled.  Known  populations  of  O.  indianensis  in 
Illinois  were  reexamined  to  evaluate  population  changes  since  1985. 

Various  collecting  methods,  including  seining,  dipnetting,  and  digging  into 
stream  substrate  and  stream  banks  were  used  to  find  different  species  of  crayfishes. 
Voucher  specimens  (at  least  one  individual  of  each  species  found  at  a  site)  were 
preserved  and  returned  to  the  Illinois  Natural  History  Survey  for  identification  and 
analysis  of  sex  and  reproductive  condition.  At  each  site  sampled,  habitat 
characteristics,  including  depth,  substrate  composition,  aquatic  vegetation,  and  type 
of  riparian  habitat  (e.g.,  presence  of  trees,  grasses,  shrubs,  or  cropland)  were  noted. 
Habitats  were  photographed  as  sampled  for  later  reference. 

RESULTS  AND  DISCUSSION 

Distribution  and  Status  in  Indiana.  Collections  of  Orconectes  indianensis 
from  Indiana  (Table  1)  were  found  in  the  United  States  National  Museum 
(USNM),  The  Ohio  State  University  Museum  of  Biological  Diversity  (OSUM), 
and  the  Illinois  Natural  History  Survey  (INHS).  In  addition  to  the  published 
records  for  Gibson  and  Dubois  Counties  (Hay,  1896;  Eberly,  1955),  museum 
records  were  found  for  Perry,  Spencer,  Posey,  and  Vanderburgh  Counties. 

Localities  in  Indiana  where  the  Indiana  crayfish  had  been  found  previously 
were  revisited  in  1993,  and  27  new  sites  were  visited.  The  additional  sites  were 
within  the  potential  range  of  the  species  and  appeared  to  have  appropriate  habitat. 
The  species  was  found  at  three  of  four  historic  sites  and  at  six  of  27  new  sites. 

The  Indiana  crayfish  is  common  and  widely  distributed  in  extreme 
southwestern  Indiana  (Figure  1)  in  the  Patoka  River  system,  a  tributary  of  the 
Wabash  River;  in  the  Black  River,  a  small  tributary  of  the  Wabash  River  in  Posey 
County;  and  in  Ohio  River  tributaries  from  Pigeon  Creek  in  Vanderburgh  County 
to  Anderson  River  in  Perry  County.  The  species  is  known  from  localities  in 
Crawford,  Dubois,  Gibson,  Orange,  Perry,  Pike,  Posey,  Spencer,  Vanderburgh, 
and  Warrick  Counties.  In  Indiana  drainages  to  the  east  and  north,  the  Indiana 
crayfish  is  replaced  by  the  ecologically  similar  Orconectes  putnami. 

Distribution  and  Status  in  Illinois.  No  unreported  collections  of 
Orconectes  indianensis  from  Illinois  (Page,  1985)  were  found  in  museums.  All 
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Figure  1 .  Distribution  of  the  Indiana  crayfish  in  Indiana. 
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Table  1. 

Known  localities  for  Orconectes  indianensis. 

County 

Stream 

Sampling  Date 

N 

Location 

ILLINOIS 

Gallatin 

Eagle  Creek 

11  May  1988 
26  Sept.  1993 

2 

2 

1.5  miles  north  of  Leamington  at  defunct 
bridge  crossing  (Sec.  10,  TIOS,  R8E) 

Robinette  Creek 

7  July  1974 
26  Sept.  1993 

1 
3 

Pounds  Hollow  (Sec.  25,  TIO,  R8E) 

Hardin 

Honey  Creek 

19  Oct.  1972 
23  March  1973 
9  April  1981 
18  April  1993 

37 

51 

35 

4 

1  mile  east  of  Lamb  (Sec.  28,  TllS,  RIOE) 

Sheridan  Branch 

30  Sept.  1975 
26  Sept.  1993 

1 

3  miles  north  of  Cave-in-Rock  (Sec.  36, 
T11S,R9E) 

Rock  Creek 

16  April  1973 

2 

3  miles  south  of  Cadiz  (Sec.  29,  Tl  IS,  R9E) 

Johnson 

Clifty  Creek 

19  May  1973 
15  July  1993 

12 
9 

2  miles  east  of  Bumside  (Sec.  12,  Tl  IS, 
R4E) 

Sugar  Creek 

15  June  1993 

2 

at  Parker  (Sec.  18NE,  Tl  IS,  R4E) 

Sugar  Creek 

16  June  1993 

3 

2  miles  south-southwest  of  Creal  Springs 
(Sec.6SW,TllS,R4E) 

Pope 

Burden  Creek 

19  May  1973 
15  July  1993 

2 
1 

2  miles  northeast  of  McCormick  (Sec.  15, 
TIOS,  R5E) 

Saline 

Little  Saline 
River 

1  August  1973 
15  July  1993 

15 

2 

3.5  miles  east  of  Stonefort  (Sec.  35,  TIOS, 
R5E) 

Rock  Branch  (Battle 
Ford  Creek  Drive) 

9  Sept.  1975 

23 

4  miles  southwest  of  Mitchellsville  (Sec. 
31,T10S,R6E) 

White 

Brushy  Slough 

21  July  1987 

3 

3.25  kilometers  east-northeast  of 
New  Haven  (Sec.  16,  T7S,  RIOE) 

Williamson 

South  Fork 
Saline  River 

1954 

28  Oct.  1974 

26  Sept.  1993 

2 

10 

3 

1  mile  south  of  New  Dennison  (Sec.  3, 
TIOS,  R3E) 

Sugar  Creek 

1954 

1 

2  miles  northeast  of  Creal  Springs 

Sugar  Creek 

12  Aug.  1976 
9  Oct.  1977 
28  Sept.  1989 
16  June  1993 

8 

22 

1 

22 

0.5  mile  east  of  Creal  Springs  (Sec.  25SE, 
TIOS,  R3E) 

Sugar  Creek 

28  Sept.  1989 

1 

1  mile  southeast  of  Creal  Springs  (Sec. 
36SW,T10S,R3E) 
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County 

Stream 

Sampling  Date 

N 

Location 

INDIANA 

Crawford 

Tributary  of 
Patoka  Lake 

14  July  1993 

10 

1.5  miles  south  of  Wickliffe  (Sec.  8, 
T2S,  R2W) 

Gibson 

Patoka  River 

23  June  1931 

56 

Patoka 

Patoka  River 

14  Sept.  1988 

4 

Patoka 

Robb  Creek 
(White  River- 
Wabash  River 
Drainage) 

8  October  1986 

2 

3.1  miles  north-northeast  of  Patoka  (Sec. 
23,  White  River  Township) 

Orange 

Bacon  Creek 

14  July  1993 

36 

Bacon  (Sec.  19SE,T1S,R1E) 

Tributary  of 
Patoka  River 

14  July  1993 

22 

5  miles  southwest  of  French  Lick  (Sec. 
19,T1N,R2W) 

Perry 

Anderson  River 

24  June  1993 

1 

2  miles  south  of  Siberia  (Sec.  34SE,  T3S, 
R3W) 

Pike 

Tributary  of 
Patoka  River 

13  July  1993 

6 

0.5  mile  west  of  Pikeville  on  Highway 
257  (Sec.  30NW,  T2S,  R6W) 

Posey 

Tributary  of 
Black  River 
(Wabash  River 
Drainage) 

19  July  1974 
23  June  1993 

8 
6 

1.5  mile  west  of  Stewartsville  (Sec. 
22NW,T4S,R13W) 

Spencer 

Hurricane  Creek 

2  June  1943 
24  June  1993 

2 
5 

Just  east  of  St.  Meinrad 

Vander- 
burgh 

Tributary  to 
Pigeon  Creek 

2  June  1943 

1 

4  miles  east  of  Evansville 

Locust  Creek 

4  October  1990 

1 

Laubscher  Road  at  confluence  with 
unnamed  tributary  (Sec.  36,  T5S, 
RllW) 

Tributary  to 
Locust  Creek 

4  October  1990 
23  June  1993 

3 

5 

3  miles  northwest  of  Evansville  at  the 
Mohr  Road  bridge  (Sec.  36,  T5S, 
RllW) 

Warrick 

Big  Creek 

24  June  1993 

2 

2  miles  west  of  Lynnville,  Route  68 
bridge  (Sec.  11  NE,T4S,R9W) 

Pigeon  Creek 

24  June  1993 

1 

1  mile  east  of  Elberfeld  (Sec.  21NW, 
T4S,  R9W) 

1 1  localities  in  Illinois,  where  the  Indiana  crayfish  had  been  found  between  1972 
and  1982  (Page,  1985),  were  revisited  in  1993,  and  one  additional  site  was  visited. 
The  Species  was  found  at  all  but  four  of  the  sites,  and  the  status  of  the  species 
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Figure  2.  Distribution  of  the  Indiana  crayfish  in  Illinois.  Open  dots  are  pre-1912 
records;  black  dots  are  1972-1993  records. 


Vol.  104  (1995)  Indiana  Academy  of  Science  109 


appears  not  to  have  changed  significantly  in  the  past  two  decades.  The  four  sites 
where  O.  indianensis  was  not  found  did  not  appear  to  be  particularly  degraded, 
and  additional  collecting  would  probably  show  the  species  still  to  be  present  there. 

Orconectes  indianensis  is  fairly  common  in  a  small  portion  of  the  Saline 
River  system  in  Gallatin,  Hardin,  Johnson,  Pope,  Saline,  and  Williamson 
Counties  and  is  common  in  Honey  and  Rock  Creeks,  small  tributaries  of  the  Ohio 
River  in  Hardin  County  (Figure  2).  Although  historical  records  document  its 
earlier  presence  (Page,  1985),  O.  indianensis  is  absent  in  much  of  the  Saline  River 
system,  which  suffers  from  pollution  related  to  strip-mining  activities. 

A  collection  of  Orconectes  indianensis  made  in  1987  in  Brushy  Slough,  a 
tributary  of  the  Wabash  River  in  White  County,  is  the  only  known  locality  for  the 
species  in  the  Wabash  River  drainage  of  Illinois.  Although  the  presence  of  the 
Indiana  crayfish  at  the  locality  could  not  be  field- verified  in  1993,  voucher 
specimens  for  the  1987  collection  are  housed  at  the  Illinois  Natural  History 
Survey,  and  the  record  is  considered  valid. 

Habitat  and  Demographic  Characteristics.  The  Indiana  crayfish  in  our 
collections  were  always  found  among  coarse  substrate,  primarily  large  rocks  or 
woody  debris,  and  usually  in  slow  to  moderate  current.  Few  individuals  were 
found  in  quiet  water  or  over  sand  and  mud  away  from  rocks  or  woody  debris,  and 
none  were  found  in  burrows.  All  were  collected  in  water  less  than  50  cm  deep; 
most  were  found  in  water  less  than  30  cm  deep.  A  few  individuals  were  found 
among  or  near  emergent  or  submerged  vegetation;  however,  aquatic  vegetation 
was  absent  or  uncommon  at  most  localities. 

Most  of  the  streams  in  which  the  Indiana  crayfish  occurs  flow  through  land 
that  is,  or  was,  forested.  At  most  localities  where  the  species  was  found  in  1993, 
the  stream  banks  remained  forested  for  at  least  a  few  meters  from  the  edge  of  the 
water.  Streams  where  the  trees  had  been  removed  to  the  edge  of  the  water 
characteristically  were  more  turbid,  had  muddier  bottoms,  and  had  less  suitable 
habitat  for  Orconectes  indianensis. 

Other  crayfishes  collected  with  the  Indiana  crayfish  were  Orconectes 
immunis,  Procambarus  acutus,  Procamharus  clarkii,  and  Cambarus  diogenes  in 
Indiana  and  Orconectes  immunis,  Orconectes  virilis,  Procambarus  acutus,  and 
Cambarus  diogenes  in  Illinois.  Orconectes  immunis,  Procambarus  acutus,  and 
Procambarus  clarkii  live  in  quiet  pools  over  mud  and  sand.  Cambarus  diogenes 
is  a  burrowing  species,  found  most  often  on  shore  within  a  few  feet  of  a  stream. 
Orconectes  virilis  has  been  introduced  into  the  Saline  River  system  of  Illinois, 
probably  as  a  result  of  its  common  use  as  fishing  bait;  it  does  not  occur  naturally 
with  the  Indiana  crayfish.  The  habitat  requirements  of  O.  virilis  are  similar  to 
those  of  Orconectes  indianensis;  i.e.,  it  lives  nears  rocks  and  woody  debris  in  the 
current  but  prefers  slightly  quieter  water  than  O.  indianensis.  Orconectes  virilis 
may  compete  with  O.  indianensis  and  further  add  to  the  decline  of  O.  indianensis 
in  the  Saline  River  system. 

The  ecology  of  the  Indiana  crayfish  is  poorly  known.  The  only  information 
available  is  that  on  lUinois  specimens  examined  by  Brown  (1955)  and  Page 
(1985).  Form  I  (reproductive,  mature)  males  are  known  from  March,  August, 
September,  October,  and  November.  The  smallest  form  I  male  recorded  was  17.7 
mm  carapace  length,  and  the  largest  was  33.4  mm  carapace  length  (Page,  1985). 
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Females  carrying  eggs  have  been  found  in  March  and  April,  and  a  female  with 
young  attached  was  collected  in  May  (Page,  1985).  In  the  1993  collections,  form 
I  males  were  encountered  in  June  and  July.  No  females  with  eggs  or  young 
attached  were  found.  From  these  data,  it  appears  that  fertilization  can  occur  in 
spring,  summer,  or  fall,  and  that  eggs  are  laid  the  following  spring. 

Sex  ratios  varied  markedly  among  samples  but,  given  the  small  size  of  the 
samples,  were  clearly  subject  to  sampling  error.  The  largest  Indiana  collection, 
from  Bacon  Creek  (Patoka  River  drainage)  on  14  July  1993,  contained  24  males 
and  12  females;  the  second  largest  collection,  from  a  tributary  of  the  Patoka  River 
five  miles  southwest  of  French  Creek,  contained  10  males  and  12  females.  Of 
the  219  individuals  of  Orconectes  indianensis  collected  in  Illinois,  104  were 
males  and  115  were  females  (Page,  1985). 

The  largest  known  specimen  of  Orconectes  indianensis  from  Illinois  or 
Indiana  is  a  35.0  mm  carapace-length  female;  the  largest  male  is  a  33.4  mm 
carapace-length  form  I  male  (Page,  1985).  Based  on  size  distribution,  all 
individuals  encountered  were  in  their  first  or  second  year  of  life;  maximum 
longevity  for  the  species  is  probably  two  or  three  years.  The  life  history  of  O. 
indianensis  is  probably  similar  to  that  of  Orconectes  kentuckiensis  (Boyd  and 
Page,  1978),  another  inhabitant  of  small  rocky  streams  in  the  Shawnee  Hills  of 
southern  Illinois. 

Recommendations  for  Protection  of  the  Indiana  Crayfish.  Contrary  to 
earlier  indications,  the  Indiana  crayfish  is  common  in  southern  Indiana  and  is  not 
in  need  of  special  protection  by  the  State  of  Indiana  or  by  the  federal  government. 
The  populations  in  Illinois  appear  to  be  about  as  large  as  they  were  in  1972-1982 
(Page,  1985).  However,  the  present  range  in  Illinois  is  much  smaller  than  the 
historic  range,  the  Saline  River  system  (the  mainstay  of  the  Indiana  crayfish  in 
Illinois)  is  seriously  degraded,  and  protection  in  Illinois  as  a  state  endangered 
species  remains  necessary. 

Crayfishes  of  Indiana.  Little  is  known  about  the  distributions  of  crayfishes 
in  Indiana.  The  most  complete  information  is  contained  in  checklists  for  Indiana 
by  Hay  (1896)  and  by  Eberly  (1955)  as  well  as  in  the  checklist  for  North  America 
by  Hobbs  (1989).  The  following  17  species  and  subspecies  have  been  reported 
for  Indiana:  Procambarus  acutus,  Procambarus  clarkii,  Procambarus  gracilis, 
Orconectes  immunis,  Orconectes  indianensis,  Orconectes  inermis  inermis, 
Orconectes  inermis  testii,  Orconectes  propinquus,  Orconectes  putnami, 
Orconectes  rusticus,  Orconectes  sloanii,  Orconectes  virilis,  Cambarus  diogenes, 
Cambarus  laevis  (synonym  of  Cambarus  tenebrosusl),  Cambarus  ortmanni, 
Cambarus  robustus,  and  Fallicambarus  fodiens. 

According  to  Hobbs  (1989),  the  range  of  Orconectes  putnami  is  uncertain, 
and  he  only  tentatively  hsted  the  species  for  Indiana.  The  authors  found 
populations  assignable  to  O.  putnami  to  be  widespread  in  southeastern  Indiana. 
However,  as  has  been  noted  elsewhere  (Ortmann,  1931;  Rhoades,  1944;  Hobbs, 
1989),  the  taxonomy  of  O.  putnami  and  its  closest  relatives  is  uncertain,  and 
additional  study  is  needed  to  determine  the  correct  name  of  populations  in 
Indiana. 

According  to  Jezerinac  (1993),  populations  of  crayfishes  in  Indiana  usually 
referred  to  as  Cambarus  diogenes  are  actually  a  complex  of  two  species;  one  is 
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assignable  to  C.  diogenes,  and  the  other  is  an  unnamed  species.  Recognition  of 
the  undescribed  species  brings  the  number  of  species  and  subspecies  of  crayfishes 
in  Indiana  to  18. 

Among  the  species  presently  known  for  Indiana,  the  two  rarest  crayfishes  are 
probably  Procambarus  clarkii  and  P.  gracilis  (although  the  status  of  the 
troglobitic  Orconectes  inermis  inermis  and  O.  inermis  testii  is  difficult  to 
determine).  Procambarus  clarkii  is  restricted  to  extreme  southwestern  Indiana 
and  may  be  found  only  in  swampy  streams  in  Posey,  Vanderburgh,  and  Warrick 
Counties.  The  species  is  common  elsewhere,  especially  on  the  Coastal  Plain  of 
the  southern  United  States,  where  it  is  harvested  for  human  consumption. 
Procambarus  gracilis  is  known  in  Indiana  only  from  collections  on  the 
Indiana-Illinois  State  Line  (Page,  1985)  and  may  be  the  rarest  crayfish  in  Indiana. 
Additional  collecting  is  needed  in  the  Indiana  counties  bordering  Illinois  that  are 
drained  by  the  Kankakee,  Iroquois,  and  Wabash  Rivers  to  assess  the  need  for 
protection  of  this  species  in  Indiana. 
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INDIANA  ACADEMY  OF  SCIENCE 

COUNCIL  MINUTES 

APRIL  29, 1994 

Call  to  Order 

The  meeting  was  called  to  order  by  President  Wayne  Mueller  at  3:15  pm  in  a 
conference  room  in  the  Administration  Building  on  the  lU  South  Bend  campus. 

The  following  Council  Members  were  in  attendance:  Anderson,  Bennett,  Boener, 
Delleur,  Dolph,  Eberly,  Frazier,  Garber,  Haddock,  Johansen,  Jones,  Kritsky, 
Lovell,  McKnight,  Melhom,  Mueller,  Munsee,  Oster,  Rhodes,  Riemenschneider, 
Rothrock,  Schutt,  Severs,  and  Wise. 

Approval  of  the  Minutes 

The  Minutes  of  the  previous  meeting  held  on  4  November  1993  were  approved. 

Approval  of  the  Agenda 

A  motion  was  made  and  seconded  to  delay  the  Committee  Reports  until  Duvall's 
concerns  relative  to  overall  Academy  governance  could  be  addressed.  The 
motion  was  defeated. 

Duvall  was  encouraged  to  articulate  his  concerns  as  specifically  as  possible  in 
written  form. 

A  motion  was  made  to  include  several  additional  reports  under  "Committee 
Reports"  and  "New  Business."  These  included  reports  on  Youth  Activities, 
Science  and  Society,  and  the  Editor's  Report.  Also  included  were  proposals  for 
a  Code  of  Ethics  and  a  Special  Service  Award.  The  motion  was  approved. 

Treasurer's  Report  (Frazier) 


Operating  Fund 

Beginning 

Balance 

1/2/94 

Revenues 
YTD 

Expenses 
YTD 

Balance 
on  Hand 
3/31/94 

Operating  Fund 
Total  Restricted  Funds 

Total  Funds 

$14,499.73 
$40,122.94 

$54,662.67 

$8,929.69 
$39,634.71 

$48,564.40 

$5,580.20 
$44,917.86 

$50,498.06 

$17,849.22 
$34,839.79 

$52,689.01 

Funds  on  Deposit 

Deposits 

Withdrawals 

Checking 
Money  Market 
CDs 

$2,522.30 
$16,990.82 
$35,109.55 

$60,596.14 

$5,779.01 

$479.48 

$48,253.97 
$15,000.00 

$5,534.32 

$14,864.47 

$7,769.83 

$30,054.71 
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Ed  Frazier  finished  his  report  by  noting  that  the  Academy  is  in  good  financial 
shape  at  this  time. 

Editor's  Report  (Dolph) 

Gary  Dolph  stated  that  Volume  102  (3-4)  was  approved  for  publication.  Volume  103 
(1-2)  now  has  10  approved  papers,  while  Volume  103  (3-4)  has  2  approved  papers. 

The  Index  for  Volume  98  has  been  completed.  Proofs  should  be  returned  to  Gary 
this  week,  and  corrections  will  have  to  be  made. 

The  issue  of  page  charges  has  not  yet  been  resolved  by  the  Publications  Committee. 

Publications  Committee  Report  (McKnight) 

Implementation  of  page  charges  is  being  delayed  until  after  publication  of 
Volume  98  of  the  Proceedings. 

Roughly  5,000  copies  of  Plants  of  the  Chicago  Region  will  be  printed,  a  number 
which  is  about  double  what  was  originally  intended  due  to  demand.  Pre-publication 
price  for  members  will  be  $22.00.  Anticipated  release  of  the  Charlie  Deam  text  is 
for  the  summer  of  1994.  Reviews  have  been  received  on  the  revision  of  the 
amphibian  and  reptile  text.  Book  sales  are  brisk,  and  the  IAS  may  reach 
$100,00.00  in  gross  sales  this  year!  The  text  on  freshwater  mussels  is  also 
moving  along  well. 

Bill  McKnight  asked  for  help  from  the  Executive  Director  in  drafting  a  letter  of 
support  for  the  family  of  Rosemary  Gibson,  a  noted  botanist,  who  recently 
passed  away. 

Bill  Eberly  expressed  delight  at  the  progress  of  book  sales. 

Biological  Survey  Committee's  Report  (Rothrock) 

Paul  submitted  2  reports:  "Establishment  of  an  Indiana  Biological  Survey"  and 
"Museum  of  Natural  History  and  Indiana  Biological  Survey  (IBS)  Implementation 
Strategy"  (see  Proc.  Indiana  Acad.  Sci.  103  (1-2):  123-126).  The  basic  concern  is 
that  Indiana  is  losing  its  natural  history  resources  and  the  establishment  of  an  IBS 
that  would  cooperate  with  the  National  Biological  Survey  (NBS)  might  be  a  way  of 
turning  the  tide. 

A  motion  was  made  and  seconded  to  accept  the  report  with  specific  emphasis  on 
the  3  items  in  the  implementation  strategy: 

1.  To  approve  the  idea  that  there  is  a  need  for  an  IBS,  that  the 
approach  offered  by  the  Biological  Survey  Committee  has  merit, 
and  that  the  BSC  should  continue  its  planning  activity. 

2.  To  support  BSCs  next  step,  which  is  to  make  arrangements  for 
a  fall  meeting  to  discuss  user  needs.  This  step  will  require  space 
and  refreshments  at  the  November  IAS  meeting. 

3.  To  expect  future  proposals  for  workshops  to  evaluate  alternative 
models  for  organizing  a  collections'  database  and  to  establish 
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standards  for  survey  work  that  is  to  become  incorporated  into  the 
IBS  database. 

The  motion  passed. 

Speaker  of  the  Year  (Mueller) 

Wayne  Mueller  announced  that  the  Speaker  of  the  Year  Committee  selected  Bill 
Lovell  to  be  this  year's  Speaker.  Bill  announced  that  he  will  return  his 
honorarium  to  the  Academy.  A  very  thoughtful  and  generous  gesture,  Bill. 
Thank  you! 

Programs  and  Invitations  Committee  (Mueller  for  Parker) 

George  Parker  is  considering  either  Wabash  or  DePauw  for  the  1996  meetings. 

Natural  Areas  Committee  (Riemenschneider) 

Vic  Riemenschneider  read  the  "White  Tailed  Deer  Resolution"  (see  Proc.  Indiana 
Acad.  Sci.  103  (1-2):  126).  A  motion  was  made  and  seconded  to  approve  the 
resolution  and  to  send  it  to  the  Governor.  Considerable  discussion  ensued  relative 
to  the  humane  treatment  of  the  deer  and  whether  or  not  the  hunting  event  was  out 
of  concern  for  environmental  degradation  or  perhaps  a  recreational  one.  The 
motion  was  approved  when  put  to  a  voice  vote. 

Research  Grants  Committee  (Frazier  for  Hicks) 

In  the  spring  round  of  competition,  35  requests  for  research  funding  were  received 
by  the  Committee,  and  29  of  them  were  funded.  The  total  dollars  expended  were 
$19,120.00  of  the  approximately  $41,000.00  that  was  requested.  There  was 
$37,000.00  budgeted  for  the  year,  which  means  that  approximately  50%  will  be 
available  for  the  fall  competition. 

Science  and  Society  (Severs) 

David  Severs  announced  that  there  would  be  a  symposium  on  wetlands  sponsored 
by  his  committee  at  the  Fall  Meeting  on  Saturday,  5  November  1994.  They  further 
proposed  a  1995  symposium  related  to  the  reprinting  of  Minton's  amphibian  and 
reptile  text  (a  tribute).  A  motion  was  made  and  seconded  seeking  Academy  support 
for  both  symposia.  The  motion  was  approved. 

David  also  announced  that  the  committee  is  looking  seriously  at  creating  a  Speaker's 
Bureau.  The  Committee  hopes  to  publish  a  survey  form  in  an  upcoming  Newsletter 
that  would  encourage  members  to  participate. 

Youth  Activities  (Rhodes) 

Virginia  Rhodes  gave  the  following  interim  report.  Three  members  of  the  Youth 
Activities  Committee  made  two  presentations  at  the  February  convention  of  the 
Hoosier  Association  of  Science  Teachers,  Inc.,  in  Indianapolis.  Melissa  Warden, 
Director  of  the  IAS  Talent  Search,  Lisa  Townsend,  Director  of  the  I J  AS,  and 
Virginia  Rhodes,  Chairperson  of  the  YAC,  first  talked  with  convention  attendees 
on  "How  to  Prepare  for  State  and  National  Science  Competitions."  The  second 
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session  involved  "Student/Teacher  Opportunities  Through  the  Indiana  Academy 
of  Science."  The  presenters  offered  guidance,  suggestions,  and  many  useful 
handouts  to  Indiana  science  teachers  in  an  effort  to  promote  and  encourage 
involvement  in  the  many  science  opportunities  provided  for  Indiana  students  and 
teachers  by  the  Academy  and  others. 

The  second  issue  of  the  YACs  new  newsletter,  Scientific  Notations,  was  sent  to 
all  Indiana  secondary  schools  in  early  March.  It  featured  the  report  of  the  fall 
meeting  of  the  Indiana  Junior  Academy  of  Science.  Sarita  James  from  Homestead 
High  School  in  Fort  Wayne  and  Neva  Meyer  from  Paoli  High  School  in  Paoli 
were  the  two  delegates  selected  at  the  fall  IJAS  meeting  to  attend  the  American 
Association  for  the  Advancement  of  Science  and  the  American  Junior  Academy 
of  Science  Meeting  in  San  Francisco. 

The  forty-seventh  annual  Indiana  Academy  of  Science  Talent  Search  was  held 
on  4-5  March  1994  in  the  L.A.  Pittenger  Student  Center  on  the  campus  of  Ball 
State  University  in  Muncie.  Nine  students  and  their  teacher-sponsors 
representing  six  different  high  schools  attended  the  Honors  Weekend.  These 
students  were  the  finalists  selected  from  the  field  of  23  applicants.  Five  students 
were  declared  1993-1994  winners:  Brian  Gerardot  of  R.  Nelson  Snider  High 
School  in  Fort  Wayne,  Jason  Kelly  of  Northwestern  High  School  in  Kokomo, 
Paul  Lynch  of  Graceland  Christian  High  School  in  New  Albany,  Neva  Meyer  of 
Paoli  High  School  in  Paoli,  and  Scott  Sobecki  of  John  Adams  High  School  in 
South  Bend.  Two  of  this  year's  winners,  Paul  Lynch  and  Neva  Meyer,  were  also 
awarded  special  honors  by  being  named  recipients  of  $1,000.00  college 
scholarships  presented  by  HASTI  and  the  Academy. 

The  Academy  is  entering  a  joint  venture  with  the  Science  Education  Foundation 
of  Indiana  to  develop  a  Science  Mentor  Program  for  the  secondary  school  students 
of  our  State.  Initial  mailings  to  department  chairs  at  most  Indiana  colleges  and 
universities  will  be  made  next  week  in  an  effort  to  encourage  scientists  to 
volunteer  to  serve  as  consultants,  trainers/tutors,  or  actual  mentors  in  the  program. 
Industrial  scientists  will  be  contacted  during  the  summer,  and  a  program  directory 
is  planned  for  publication  in  early  fall.  Academy  members  are  encouraged  to 
promote  this  endeavor  among  the  faculty  members  of  their  respective  schools.  A 
successful  trial  run  was  made  on  a  small  scale  at  Indiana  University,  Bloomington, 
in  conjunction  with  Sigma  Xi  during  the  1993-94  school  year. 

In  addition,  Virginia  reviewed  a  letter  from  the  AAAS  stating  that  the  Academy 
will  need  to  match  grant  funds  contributed  by  the  AAAS  and  that  the  Academy 
will  need  to  be  able  to  document  that  there  is  increased  relative  support  for 
women  and  minorities. 

Virginia  was  congratulated  on  her  very  thorough  report  and  the  enthusiasm  with 
which  she  is  chairing  her  committee! 


Vol.  104  (1995)  Indiana  Academy  of  Science  1 17 


Local  Arrangements  (Riemenschneider) 

There  will  be  a  banquet  tonight  followed  by  an  evening  Program.  The  featured 
speaker  will  be  Keith  Rigby,  Jr.,  from  Notre  Dame  University.  He  will  speak  on 
dinosaur  extinctions. 

The  three  field  trips  scheduled  for  tomorrow  will  be  condensed  into  two.  The 
fisheries  field  trip  has  been  canceled  due  to  insufficient  interest. 

Report  of  the  Newsletter  Editor  (Kritsky) 

Gene  reported  that  he  will  continue  to  publish  the  Newsletter  this  year.  A  motion 
was  made  to  split  the  Newsletter  Editor's  position  from  that  of  the  Public 
Relations  Director  and  to  form  an  ad  hoc  committee  to  examine  this  issue.  The 
motion  was  approved.  Boener,  Frazier,  and  Kritsky  volunteered  to  serve  and 
agreed  to  give  their  recommendations  to  the  Amendments  Committee  for  their 
study  and  action. 

IAS  Outstanding  Service  and  Distinguished  Scholar  Awards 

A  motion  was  made  and  seconded  that  an  IAS  Outstanding  Service  Award  and 
an  IAS  Distinguished  Scholar  Award  be  established  and  that  a  committee  be 
appointed  to  establish  the  criteria  for  selection  and  to  formalize  the  selection 
process.  The  motion  was  approved.  Bill  Lovell  agreed  to  serve  and  to  get  the 
Committee  organized.  Other  members  include  Jim  Haddock  and,  hopefully, 
either  Melissa  Warden  or  Lisa  Townsend. 

A  motion  was  made  and  seconded  to  present  Wayne  Mueller  with  the  first  Outstanding 
Service  Award  at  the  Fall  Meeting  of  the  Academy.  The  motion  was  approved. 

Code  of  Ethics  (Kritsky) 

Gene  Kritsky  read  a  number  of  statements  taken  from  the  Code  of  Ethics  of  another 
organization.  A  motion  was  made  and  seconded  to  have  an  IAS  Code  of  Ethics  and 
to  form  a  Committee  to  come  up  with  such  a  Code.  The  motion  was  approved.  Bill 
Eberly,  Nils  Johansen,  and  Bill  McKnight  agreed  to  serve  on  the  Committee. 

New  Business 

Academy  Governance.  Duvall  Jones  expressed  concern  about  the  interpretation 
of  Article  VI,  Sec.  I  in  the  Constitution  and  moved  that  the  Council  open  it  up  for 
General  Discussion.  The  motion  died  for  lack  of  a  second.  Again,  Duvall  was 
encouraged  by  President  Mueller  to  bring  specific,  written  concerns  to  the 
Amendments  Committee  for  their  consideration. 

Adjournment 

A  motion  was  made  and  seconded  to  adjourn  at  5:30  pm.  The  motion  was 
approved. 

Respectfully  submitted, 

Jim  Haddock,  Secretary 
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INDIANA  ACADEMY  OF  SCIENCE 

EXECUTIVE  COMMITTEE  MINUTES 

JULY  2, 1994 

Call  to  Order 

The  meeting  was  called  to  order  by  President  Wayne  Mueller  at  10:00  am  in  the 
faculty  conference  room  at  Speedway  High  School  on  2  July  1994. 

The  following  members  of  the  Executive  Committee  were  in  attendance:  Dolph, 
Frazier,  Haddock,  Jones,  Kritsky,  Lovell,  and  Mueller.  Additional  Academy 
members  present  were  McKnight  and  Melhorn. 

Approval  of  the  Minutes 

The  Minutes  of  the  previous  meeting  held  on  29  April  1994  were  approved  after 
minor  errors  were  corrected. 

Approval  of  the  Agenda 

Minor  modifications  were  made  to  the  Agenda,  which  was  then  approved. 

Comments  by  the  President/President-Elect  (Mueller/Kritsky) 

Wayne  Mueller  faxed  the  IAS  Deer  Study  Resolution  to  all  newspapers  in  the 
State  with  a  circulation  of  5,000  or  more.  He  also  sent  a  copy  along  with  a  cover 
letter  to  the  Governor  and  to  the  top  DNR  official.  Gene  Kritsky  will  have 
something  in  the  Newsletter  on  this  issue,  and  he  will  be  urging  members  to  write 
the  Governor  in  support  of  the  Resolution. 

Treasurer's  Report  (Frazier) 

Bill  Lovell  is  very  generously  donating  his  1994  salary  as  Executive  Director  as 
well  as  his  honorarium  as  1994  Speaker  of  the  Year  to  the  Academy.  The  total 
donation  is  $5,700.00.  Thanks  again.  Bill! 

A  motion  was  made  to  reallocate  these  funds  as  follows: 


Research  Grants 

$1250.00 

Indiana  Junior  Academy 

$1250.00 

Science  and  Society 

$1250.00 

Youth  Activities 

$1250.00 

President's  Fund 

$700.00 

A  friendly  amendment  was  made  to  move  $700.00  from  the  President's  Fund  to 
the  Indiana  Junior  Academy  of  Science  ($350.00)  and  Youth  Activities  ($350.00) 
accounts.  The  amendment  was  approved.  Then,  the  original  motion  was  approved. 
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Ed  Frazier  summarized  the  Treasurer's  Report. 


Operating  Fund 

Beginning 

Balance 

1/2/94 

Revenue 
YTD 

Expenses 
YTD 

Balance 
on  Hand 
6/30/94 

Operating  Fund 
Total  Restricted  Funds 

Total  Funds 

$14,499.73 
$40,122.94 

$54,622.67 

$19,811.04 
$72,179.11 

$91,990.15 

$9,272.32 
$93,347.14 

$102,619.46 

$25,038.45 
$18,954.91 

$43,993.36 

Funds  on  Deposit 

Deposits 

Withdrawals 

Checking 
Money  Market 
CDs 


$2,522.30 
$16,990.82 
$35,109.55 


$100,777.65 
$5,814.10 
$1,370.74 


$98,057.48 
$15,000.00 

$5,534.32 


$5,242.47 

$7,804.92 

$30,945.97 


Total  Funds  on  Deposit  $54,622.67         $107,962.49        $1 18,591.80         $43,993.36 


Ed  summarized  his  report  by  saying  that  the  Academy  is  doing  fine  financially 
at  this  time. 

Editor's  Report  (Dolph) 

Gary  Dolph  stated  that  the  long  awaited  Volume  98  should  be  out  at  the  end  of 
August.  Volume  103  (1-2)  now  has  10  prepared  papers  (i.e.,  papers  that  have 
been  converted  to  a  standard  WordStar  format,  that  have  been  editorially  modified 
to  fit  the  style  of  the  Proceedings,  that  have  been  grammatically  corrected,  and 
that  have  been  approved  in  their  new  form  by  their  authors),  while  Volume  103 
(3-4)  has  one  prepared  paper  with  an  additional  7  out  for  review. 

Executive  Director's  Report  (Lovell) 

The  Membership  Directory  has  been  almost  totally  updated.  The  Academy  has 
between  850  and  900  paid  members  at  the  halfway  point  of  the  year.  A  few 
members  who  have  not  paid  dues  are  serving  as  Academy  Section  Chairs  and 
Vice-Chairs  as  well  as  committee  members.  Some  of  these  people  are  just 
typically  late  in  paying  their  dues  but  will  eventually  come  through.  A  suggestion 
was  made  that  we  remind  attendees  at  our  meetings  that  they  must  be  members 
in  good  standing  to  be  elected  as  Chairs. 

Amendments  Committee  (Melhorn) 

Bill  Melhorn  stated  that  three  sets  of  Constitution/Bylaws  changes  are  before  this 
Committee.  The  Committee  intends  to  meet  prior  to  the  60  day  ''backup  period" 
before  the  Fall  Meeting. 

Discussion  then  ensued  relative  to  Melhorn' s  "cleanup  list"  of  non-substantive 
changes.  A  motion  was  made  and  seconded  to  accept  as  non-substantive  changes 
all  the  items  listed  in  the  Memorandum  sent  to  the  Executive  Committee  from 
the  Amendments  Committee  and  dated  24  April  1994  (see  Proc.  Indiana  Acad. 
Sci.  103  (1-2):  120-123).  An  amendment  was  made  to  delete  from  acceptance 
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Article  II,  Sec.  5.  The  amendment  was  approved.  A  second  amendment  relative 
to  Article  VII,  Sec.  3,  line  8  to  change  "Council"  to  "Junior  Academy  Council'* 
was  also  approved.  The  nonsubstantive  changes  were  then  approved  in  their 
entirety. 

Reminder.  Since  all  the  above  changes  dealt  with  non- substantive  matters  only, 
approval  by  the  Council  and/or  the  general  membership  is  not  required. 

Local  Arrangements  (Mueller  for  Riemenschneider) 

Plans  are  moving  along  in  an  orderly  fashion  for  the  Fall  Meeting  in  South  Bend. 

A  short  discussion  ensued  about  the  possibility  of  looking  into  "Meeting 
Insurance"  for  future  meetings.  Are  our  meetings  already  under  the  insurance 
umbrella  of  the  host  institution? 

The  1996  meeting  site  has  not  yet  been  established.  Both  Wabash  and  DePauw 
are  still  under  consideration  at  this  time.  Mueller  will  be  in  touch  with  Parker  on 
this  very  soon. 

Ad  Hoc  Special  Awards  Committee  (Lovell) 

Outstanding  Service  Award.  A  motion  was  made  and  seconded  to  institute  an 
Outstanding  Service  Award.  Details  of  the  criteria,  selection  process,  and  time 
of  presentation  of  the  award  as  well  as  other  pertinent  information  are  given 
below.  It  is  also  planned  to  list  recipients  of  the  award  in  the  Yearbook.  A  rider 
to  the  motion  was  to  also  list  contributions  to  the  Past  President's  Fund  in  the 
Yearbook. 

The  major  features  of  the  Outstanding  Service  Award  include: 

Members  of  the  Indiana  Academy  of  Science  may  be  considered  for 
the  Outstanding  Service  Award  upon  nomination  by  an  Academy 
member  with  5  endorsements  by  other  Academy  members. 

The  nomination  shall  be  submitted  in  writing  and  shall  state  the 
nature  of  the  exceptional  service  to  the  Academy,  either  as  an 
officer,  as  a  committee  chair  or  member,  or  as  an  appointee.  The 
nomination  shall  include  the  dates  during  which  the  exceptional 
services  were  rendered. 

The  President  shall  by  the  time  of  the  Spring  Meeting  appoint  an 
Awards  Chairperson,  who  shall  have  the  responsibility  of  seeing 
that  nominations  received  prior  to  1  July  of  the  proposed  year  of 
the  award  are  properly  reviewed. 

The  N ewsletter  Bdiiior  shall  appropriately  solicit  nominations  for 
the  Award  in  the  Newsletter. 

The  Executive  Committee  shall  receive  the  report  of  the  Awards 
Chairperson,  select  awardees,  if  any,  and  recommend  approval 
of  the  Council. 
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The  Award  shall  be  formally  presented  at  the  regular  Fall 
Meeting  of  the  Academy.  The  recipient  shall  receive  a  suitable 
certificate  and  the  achievement  shall  be  appropriately  entered 
into  the  records  of  the  Academy. 

The  frequency  of  this  Award  is  not  fixed.  However,  it  is  anticipated 
that  no  more  than  one  Award  per  year  will  be  presented. 

The  motion  passed. 

Distinguished  Scholar  Award.  A  motion  was  made  and  seconded  to  create  a 
Distinguished  Scholar  Award.  Details  of  the  Award  are  as  follows: 

The  Distinguished  Scholar  Award  shall  be  given  to  scientists  or 
engineers  who  have  established  a  distinguished  record  of 
scholarly  achievement  while  in  Indiana.  The  recipient  need  not 
necessarily  be  a  member  of  the  Indiana  Academy  of  Science. 

Nomination  for  the  Award  shall  be  made  by  a  member  of  the 
Academy  with  5  endorsements  by  Academy  Members. 

The  nomination  shall  be  submitted  in  writing  and  shall  state  the 
nature  of  the  scholarly  achievement,  including  the  field(s)  of 
specialization,  awards  and  recognitions,  publications  of  particular 
significance,  employment,  and  positions  held. 

The  President  shall  by  the  time  of  the  Spring  Meeting  appoint  an 
Awards  Chairperson,  who  shall  have  the  responsibility  of  seeing 
that  nominations  received  prior  to  1  July  of  the  proposed  year  of 
the  Award  are  properly  reviewed. 

The  Newsletter  Editor  shall  appropriately  solicit  nominations  for 
the  Award  in  the  Newsletter. 

The  Executive  Committee  shall  receive  the  report  of  the  Awards 
Chairperson,  select  awardees,  if  any,  and  recommend  approval 
of  the  Council. 

The  Award  shall  be  formally  presented  at  the  regular  Fall 
Meeting  of  the  Academy.  The  recipient  shall  receive  a  suitable 
certificate,  and  the  achievement  shall  be  appropriately  entered 
into  the  records  of  the  Academy. 

The  frequency  of  this  Award  is  not  fixed.  However,  it  is  anticipated 
that  no  more  than  one  Award  per  year  will  be  presented. 

The  motion  was  approved. 

Ad  Hoc  Committee  on  Ethics 

No  report. 

Publications  Committee  (McKnight) 

A  motion  was  made  and  seconded  to  approve  a  Memorandum  of  Agreement  between 
the  IAS  and  the  IlUnois  Natural  History  Survey  (INHS)  whereby  the  Academy  agrees 
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to  partially  fund  ($6,000.00)  the  second  printing  of  Field  Guide  to  Freshwater 
Mussels  of  the  Midwest  in  exchange  for  receiving  1200  hard  copies  of  this  publication. 
We  agreed  not  to  undersell  the  INHS.  The  motion  was  approved. 

A  motion  was  made  and  seconded  to  approve  the  costs  associated  with  printing  5,000 
dust  jackets  for  the  Plants  of  the  Chicago  Region.  The  motion  was  approved. 

Please  see  the  addendum  for  additional  items  from  this  Committee. 

Newsletter  Editor's  Position 

Two  potential  candidates  for  the  position  of  Newsletter  Editor  have  contacted  the 
Academy  at  this  time.  President  Mueller  will  be  interviewing  both  candidates  in 
the  weeks  ahead  and  will  make  a  recommendation  to  the  Publications  Committee.  This 
Committee  will  then  evaluate  the  candidates  and  the  President's  recommendation  and 
make  a  recommendation  to  the  Executive  Committee. 

Operations^  Handbook 

The  suggestion  was  made  to  append  a  copy  of  the  Operations '  Handbook  to  the 
ten  year  index,  when  it  is  published.  Gary  Dolph  suggested  that  the  Academy 
purchase  reprints  of  the  Operations '  Handbook  to  give  to  new  officers  between 
times  of  major  reworking  of  the  Handbook. 

Biological  Survey  Committee 

The  Flower  Poster  Project  has  been  stalled  because  there  are  no  corporate  donors 
that  have  stepped  forward  with  cash  in  hand.  The  Academy  needs  approximately 
$4,500.00  to  finance  this  project. 

Announcements 

The  next  meeting  of  the  Executive  Committee  will  be  held  on  a  Saturday,  17 
September  1994,  at  10:00  am  at  Speedway  High  School. 

Adjournment 

The  Executive  Committee  meeting  adjourned  at  12:15  pm. 
Respectfully  submitted, 
Jim  Haddock,  Secretary 

ADDENDUM 

IAS  PUBLICATIONS  ACTIVITY 

A  Memorandum  of  Agreement  with  the  Illinois  Natural  History  Survey  (INHS) 
has  been  formulated.  The  INHS  has  agreed  to  give  the  Academy  1,200  copies  of 
Field  Guide  to  Freshwater  Mussels  of  the  Midwest  for  $6,000.00  rather  than  1 ,000 
copies,  which  means  that  our  return  on  this  investment  will  be  240%  rather  than 
the  200%  previously  indicated.  The  books  are  expected  out  later  this  summer. 
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IAS  sales  for  the  second  quarter  of  1994  (April- June)  were  a  little  higher  than 
predicted  (12%)  thanks  to  the  brisk  sales  of  Plants  of  the  Chicago  Region.  Bill 
McKnight  predicted  $8,000.00  per  quarter  for  the  remainder  of  1994,  but  the  total 
revenue  for  the  second  quarter  was  close  to  $9,000.00.  Lower  sales  figures 
(especially  for  June)  were  expected  because  no  IAS  sales  booth  was  set  up  at  any 
meeting.  Pre-publication  sales  of  PCR  will  exceed  1 ,200  copies  with  practically 
no  marketing. 

Plants  of  the  Chicago  Region  is  currently  at  the  printer.  Release  is  expected  on 
about  10  August.  The  dust  jacket  is  being  produced  separately  in  Indianapolis  to 
simplify  logistics.  In  addition,  the  Indianapolis  printer  (Hilltop  Press)  does  top 
notch  color  printing. 

Amphibians  and  Reptiles  of  Indiana  is  currently  being  reviewed.  The  authors  are 
in  the  process  of  selecting  photos  and  generating  maps. 

Sales  of  IAS  publications  during  the  first  half  of  1994  by  lU  Press  were: 

83    Butterflies  of  Indiana  $1,755.98x50%=     $796.74 

380  Orchids  of  Indiana  $7,254. 16  x  60%  =  $4,352.52 

The  net  was  $5,149.26  ±  sales/return  (6/27  -  6/30). 

Purdue  University  Press  is  currently  selling  a  number  of  IAS  publications. 
Approximately  50  copies  of  each  title  listed  in  the  PUP  catalog  were  delivered  to 
them  on  27  May.  Their  sales  person  told  me  on  26  June  that  sales  of  Biological 
Pollution  and  Plants  of  the  Chicago  Region  are  brisk  while  those  of  Wild  Plants 
in  Flower  are  good.  They  have  sold  few,  if  any,  of  the  remaining  titles. 

The  actual  revenue  from  non-IAS  sales  is  considerably  above  the  figure  predicted 
at  the  Spring  Meeting.  McKnight  had  suggested  that  the  Academy  might  expect 
$7,400.00  (anticipated  revenue  for  the  remainder  of  1994)  based  on  first  quarter 
sales  and  previous  performance.  The  Academy  has  nearly  reached  that  total 
already. 

McKnight  is  actively  engaged  in  soliciting  other  possible  titles  and  is  in  the 
preliminary  production  stages  of  several  other  titles  already  introduced. 

Fliers  for  Orchids  of  Indiana  and  Plants  of  the  Chicago  Region  (?)  will  be 
produced  and  bulk  mailed  in  July. 

The  Academy  will  need  to  request  dedicated  funds  from  the  Foundation  to  pay 
the  printing  bill.  This  matter  has  already  been  discussed  with  the  Treasurer. 

The  Publications  Committee  will  meet  later  this  summer  or  in  the  early  fall  to 
discuss  page  charges  for  the  Proceedings. 

Submitted  1  July  1994 

Bill  N.  McKnight 

Chair  IAS  Publications  Committee 
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INDIANA  ACADEMY  OF  SCIENCE 

EXECUTIVE  COMMITTEE  MINUTES 

SEPTEMBER  23, 1994 

Call  to  Order 

The  meeting  was  called  to  order  by  President  Mueller  at  10:00  am  in  the  faculty 
conference  room  at  Speedway  High  School,  Speedway,  on  23  September  1994. 

The  following  members  of  the  Executive  Committee  were  in  attendance:  Frazier, 
Haddock,  Jones,  Kritsky,  and  Mueller.  Additional  Academy  members  present 
were  Boener,  McKnight,  Oster,  and  Riemenschneider. 

Approval  of  the  Minutes 

The  Minutes  of  the  previous  meeting  held  on  2  July  1994  were  accepted  after 
minor  errors  were  corrected. 

Approval  of  the  Agenda 

Minor  modifications  were  made  to  the  Agenda,  which  was  then  approved. 

Comments  by  the  President  (Mueller) 

President  Wayne  Mueller  decided  to  delay  his  comments  until  later  in  the 
meeting. 

Treasurer's  Report  (Frazier) 

Ed  Frazier  commented  that  we  need  the  final  billing  for  expenses  incurred  at  the 
Spring  Meeting  from  lU  South  Bend. 

A  short  summary  of  Ed's  report  follows: 


Operating  Fund 

Beginning 

Balance 

1/2/94 

Revenues 
YTD 

Expenses 
Yi'D 

Balance 
on  Hand 
8/31/94 

Operating  Fund 
Total  Restricted  Funds 

Total  Funds 

$14,499.73 
$40,122.94 

$54,622.67 

$21,910.36 
$82,282.66 

$104,193.02 

$11,538.41 
$105,909.60 

$117,448.01 

$24,871.68 
$16,496.00 

$41,367.68 

Funds  on  Deposit 

Deposits 

Withdrawals 

Checking 
Money  Market 
CDs 

Total  Funds  on  Deposit 

$2,522.30 
$16,990.82 
$35,109.55 

$54,622.67 

$113,170.95 

$10,736.47 

$1,370.74 

$125,278.16 

$112,998.83 
$20,000.00 

$5,534.32 

$138,533.15 

$2,694.42 

$7,727.29 

$30,945.97 

$41,367.68 

The  Treasurer's  Report  was  accepted. 
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Editor's  Report  (Oster  for  Dolph) 

Holly  Oster  reported  that  Volume  98  (1988)  of  the  Proceedings  is  finally  out! 
Only  soft  covers  were  available  as  of  this  date,  but  hard  covers  are  due  out  soon 
and  will  be  mailed.  Reprints  should  be  available  around  October  1 .  Our  bill  may 
slightly  exceed  the  $8,900.00  allotted  to  us  by  the  State  due  to  600  soft  cover 
versions  being  printed  instead  of  500.  All  of  the  members  of  the  Academy  that 
were  involved  with  Volume  98  finally  getting  published  should  be  delighted  that 
their  perseverance  finally  paid  off! 

Committee  Reports 

Amendments  Committee  (Melhorn) 

Bill  Melhorn  submitted  two  documents: 

1.  An  updated  version  of  the  Indiana  Academy  of  Science 
Constitution  and  Bylaws.  This  version  incorporates  only  the 
editorial,  nonsubstantive  changes  that  were  made  in  June  1994 
by  the  Amendments  Committee.  The  document  was  accepted. 

2.  Bill  submitted  a  list  of  proposed  Constitution  and  Bylaws 
changes.  He  stressed  that  this  has  not  been  voted  on  by  the 
Amendments  Committee,  and  it  remains,  in  essence,  a  "working 
paper."  The  report  was  accepted  for  information  purposes  only. 

A  motion  was  made  and  seconded  to  bring  the  proposed  changes  before  the 
Council  at  the  Fall  Meeting  for  consideration  and  discussion  only  and  not  for  final 
action.  Ideas  generated  at  the  Council  meeting  would  then  be  forwarded  to  the 
Amendments  Committee  for  further  study.  President  Mueller  will  distribute  the 
report  to  all  Council  members  on  or  about  October  20  along  with  a  cover  letter 
and  an  updated  copy  of  the  Constitution  and  Bylaws.  The  motion  was  approved. 

General  Comments:  Proposed  changes  to  the  Constitution  and  Bylaws  should  be 
in  general  agreement  with  current  practice.  Grants  involving  the  Junior  Academy  of 
Science  would  now  be  a  responsibility  of  the  Youth  Activities  Committee  according 
to  the  above  proposal. 

Local  Arrangements  (Riemenschneider) 

Vic  Riemenschneider  reported  that  the  Program  and  Abstracts  booklet  for  the 
Fall  Meeting  is  ready  to  go  and  has  been  put  in  a  new  format.  The  new  format 
sounded  quite  good,  and  everyone  is  anxious  to  see  it. 

The  1995  meetings  will  be  held  at  lUPUI,  and  the  1996  meetings  will  be 
conducted  at  DePauw  University. 

Publications  (McKnight) 

Bill  McKnight  reported  that  the  publication,  Plain  OV  Charlie  Deam,  is  now  out 
in  hardback. 
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Plants  of  the  Chicago  Region  (hardcover)  is  now  out  and  is  selling  well!  A  total 
of  5300  copies  were  printed.  The  price  is  $35.00  for  non-members  and  $28.00 
for  members. 

Larry  Yoder  of  the  Merry  Lea  Environmental  Center  has  asked  the  Publications 
Committee  to  consider  the  purchase  of  150  copies  of  Naturalist  on  Watch  by 
Alton  Lindsey  for  resale  at  a  profit  to  the  Academy. 

The  Committee  is  considering  advertising  the  Deam  book  through  a 
postcard/flyer  sort  of  arrangement. 

Page  charges.  The  Committee  has  found  it  hard  to  recommend  page  charges  until 
the  issue  of  a  dues  increase  is  settled.  These  two  factors  can  be  combined  in 
several  different  ways.  The  Academy  is  definitely  short  of  money  in  the 
Operating  Fund,  and  page  charges  might  be  earmarked  for  this  account.  The 
Council  has  already  approved  the  concept  of  instituting  page  charges.  This  issue 
will  have  to  come  back  to  the  Council  and  would  involve  a  revision  of  the  Bylaws 
under  Article  II,  Sec.  4  (privileges  of  membership). 

Nominations  (Boener) 

Charlotte  Boener  distributed  copies  of  the  "Steps  in  the  Functioning  of  the 
Nominations  and  Elections  Committee"  and  briefly  discussed  her  report.  Her 
report  was  accepted,  (see  Volume  103(1-2):  127.) 

Ad  Hoc  Code  of  Ethics  (McKnight) 

Bill  McKnight  submitted  a  report  on  a  proposed  Code  of  Ethics  that  was  approved 
by  his  Committee.  A  copy  is  included  as  an  addendum.  A  motion  was  made  and 
seconded  to  accept  the  report  excluding  the  last  paragraph  which  starts  with,  "The 
Executive  Director  shall  be..."  The  motion  was  accepted.  This  will  be  forwarded 
to  Council  and  included  in  the  20  October  mailing. 

Biological  Survey  Committee  (Mueller  for  Rothrock) 

President  Wayne  Mueller  read  a  letter  written  by  Paul  Rothrock,  Chair  of  the 
Biological  Survey  Committee,  supporting  the  retention  of  the  present  "Endangered 
Species  Act."  He  has  urged  the  Executive  Committee  to  endorse  the  letter  and  sent 
it  to  the  Indiana  delegation  in  the  House  and  Senate. 

A  motion  was  made  and  seconded  to  endorse  the  Biological  Survey  Committee's 
position  on  this  issue.  The  motion  was  approved.  Further  discussion  ensued 
around  the  issue  of  whether  or  not  the  Academy  was  taking  a  political  stand 
(which  it  is  not  supposed  to  do).  A  motion  was  then  made  and  seconded  to  rescind 
the  original  motion.  This  motion  was  approved. 

President  Mueller  will  ask  Paul  to  encourage  Academy  members  as  individuals 
to  write  and  express  their  concerns  to  their  congressmen. 
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Old  Business 

Past  President's  Fund 

A  two  sentence  memo,  penned  by  Bill  Lovell,  was  circulated  among  the  members 
present.  It  raised  several  questions  and,  since  Bill  was  not  in  attendance  to  discuss 
it,  a  motion  was  made  and  seconded  to  postpone  any  action.  The  motion  was 
approved. 

Operation  *s  Manual  (Mueller) 

President  Wayne  Mueller  is  still  moving  along  on  this,  and  there  will  ultimately 
be  a  draft. 

New  Business 

1995  Yearbook  (Kritsky) 

Gene  Kritsky  reported  that  he  is  working  on  updating  the  format  of  the  Yearbook. 

Possible  relocation  of  the  State  Library  (Oster) 

Holly  Oster  reported  that  because  of  a  flood  in  the  basement  (Archives  Area)  of 
the  State  Library,  Library  Officials  are  considering  moving  the  archival  material 
into  the  Academy's  space  in  the  Library.  Academy  materials  would  then  be 
moved  into  an  area  that  is  about  one  half  the  size  of  what  we  presently  occupy. 
President  Mueller  will  look  into  the  problem  and  report  back  at  the  next  meeting. 
The  Library  issue  is  likely  to  be  a  major  one  which  will  impact  many  of  our 
working  committees  (Publications  in  particular)  and  our  general  membership. 

Next  Meeting 

Unless  otherwise  scheduled,  the  next  meeting  of  the  Executive  Committee  will 
be  on  Thursday,  3  November  1994,  at  1 :00  pm  on  the  campus  of  lU  South  Bend. 

Adjournment 

The  meeting  was  adjourned  at  approximately  1:10  pm. 
Respectfully  submitted, 
Jim  Haddock,  Secretary 

ADDENDUM 
INDIANA  ACADEMY  OF  SCIENCE  CODE  OF  ETHICS 

It  is  expected  that  each  member  of  the  IAS  shall  adhere  to  the  following  standards. 
Members  shall: 

Represent  the  best  interests  of  the  organization,  and  not  favor  special 
interests  inside  or  outside  of  the  IAS. 

Never  present  themselves  as  an  IAS  representative  inappropriately 
nor  exercise  more  authority  than  is  assigned. 
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Not  use  one's  position  or  authority  for  personal  advantage  nor  for 
the  advantage  of  friends  or  supporters. 

Not  solicit  or  accept  gifts  if  it  can  be  reasonably  inferred  that  the 
gift  is  intended  to  influence  action  of  judgment. 

Abstain  from  participating  in  debate  or  voting  in  matters  that  would 
directly  or  indirectly  benefit  oneself,  family,  or  associates. 

Keep  confidential  information  confidential. 

Not  use  IAS  property  for  non-IAS  activities  unless  specifically 
authorized  by  the  Executive  Committee  or  the  Council. 

Not  sell  or  give  any  IAS  property  for  less  than  an  adequate 
compensation  and  then  only  when  empowered  to  do  so. 

Not  offer  the  services  of  the  IAS  without  authorization  from  the 
Executive  Committee  or  the  Council. 

Not  knowingly  provide  false  information,  unjustly  denigrate 
members,  or  in  any  other  way  attempt  to  impede  the  functioning 
of  the  IAS. 

In  all  matters  concerning  the  IAS,  follow  generally  accepted 
guidelines  concerning  proper  conduct  both  in  IAS  sanctioned 
activities  and  when  representing  the  IAS  elsewhere. 

Act  and  conduct  business  according  to  the  guidelines  provided  by 
the  current  Constitution,  Bylaws,  and  Operation's  Handbook, 
and,  if  not  specifically  listed,  according  to  the  current  edition  of 
Robert's  Rules  of  Order. 
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REPORT  OF  THE 

AUDITING  COMMITTEE 

APRIL  27, 1995 

To  the  Council  of  the  Indiana  Academy  of  Science 

The  financial  records  of  the  Indiana  Academy  of  Science  for  fiscal  year  1994 
have  been  examined  by  the  undersigned  and  appear  to  be  a  fair  and  accurate  record 
of  the  financial  condition  of  the  Academy. 

Robert  Waltz,  Chair 


INDIANA  ACADEMY  OF  SCIENCE 
1994  YEAR  END  FINANCIAL  REPORT 


Beginning 

Ending 

Balance 

Revenues 

Expenses 

Balance 

1/1/1994 

12/31/1994 

OPERATING  FUND 

Dues 

$24,693.00 

Prepaid  1995  Dues 

$2,365.00 

Contributions 

$4,692.00 

Interest 

$1,268.71 

Spring  Meeting 

$885.00 

$1,153.00 

Annual  Meeting 

$7,812.50 

$10,443.87 

Officer's  Expenses 

$5,297.97 

Operating  Expenses 

$4,190.46 

Financial  Expenses 

$1,081.92 

Newsletter  Expenses 

$3,584.81 

Library  Operations 

$6,008.29 

Committee  Expenses 

$851.56 

Speaker  of  the  Year 

$700.00 

AAAS  Representative 

$853.00 

Youth  Activities 

$5,735.39 
$39,900.27 

Operating  Fund  Total 

$14,499.73 

$41,716.21 

$16,315.67 

RESTRICTED  FUNDS 

Proceedings 

$912.95 

$33,352.61 

$29,891.34 

$4,374.22 

Pubhcations* 

$16,187.16 

$112,024.40 

$136,805.01 

($8,593.45) 

Research  Grants** 

$1,940.07 

$43,861.39 

$43,560.00 

$2,241.46 

IAS  Talent  Search 

$5,012.33 

$2,214.00 

$2,030.06 

$5,196.27 

Lilly  Library 

$6,656.12 

$0.00 

$77.68 

$6,578.44 

Welch  Fund 

$6,831.14 

$479.48 

$0.00 

$7,310.62 

Exotic  Species  Fund 

$2,583.17 

$0.00 

$2,583.17 

$0.00 

Past  Presidents'  Fund 

$0.00 

$1,500.00 
$193,431.88 

$0.00 

$1,500.00 

Total  Restricted  Funds 

$40,122.94 

$214,947.26 

$18,607.56 

TOTAL  FUNDS 

ITT—: 

$54,622.67 

$235,148.09 

$254,847.53 

$34,923.23 
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Beginning 
Balance 
1/1/1994 

Revenues 

Expenses 

Ending 

Balance 

12/31/1994 

FUNDS  ON  DEPOSIT 

Checking  Account 
Money  Market  Savings 
CDs 

$2,522.30 
$16,990.82 
$35,109.55 

$238,712.50 

$34,386.17 

$1,370.74 

$240,035.18 
$25,000.00 
$29,133.67 

$294,168.85 

$1,199.62 

$26,376.99 

$7,346.62 

Total  Funds  on  Deposit 

$54,622.67 

$274,469.41 

$34,923.23 

FOUNDATION 
ACCOUNT 

Carrying 

Value 
1/1/1994 

Carrying 

Value 
12/31/1994 

John  S.  Wright  Fund 
Invested  Income  Fund 
IAS  Foundation  Fund 

Total  Foundation  Funds 

$741,590.36 

$207,385.00 

$73,658.51 

$1,022,633.87 

$780,276.79 

$180,915.00 

$76,465.89 

$1,037,657.68 

Fund  balance  does  not  include  $5,882.83  in  1994  publication  sales  received  in  1995. 
Provided  49  senior  grants,  16  high  school  grants,  and  1  high  school  teacher  fellowship. 

Audited  April  27,  1995 


Edward  L.  Frazier 
Treasurer 
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